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“‘Here’s Scotseal,’’ said C/R 


Premature wheel oil seal failure—often within the warranty 


od—was plaguing a major truck manufacturer. This 
stly. One seal replacement took three hours labor and 
three hours tractor downtime—important money to the 


maker, dealer and buyer. Then C/R found an answer to 


the problem. A unique, new design called the C R Scotseal* 
was submitted and tested then tested again and again 
First result: C/R Scotseals repeatedly ran 100,000 miles 
and more with no sign of failure. Second result: they’re ap- 
proved now for every truck tractor this manufacturer makes 


Just why does this seal go 100,000 miles? C/R developed 


a special, ideal sealing surface and made it integral wit! 
the seal. The lip runs on this surface, not on the shaft 
bore. In operation, centrifugal force creates positive, cor 
stant contact for leak-free performance. Also, the seal lip 
is completely encased and pre-lubricated, protecting 
against damage in handling and assembly. This remark- 
able seal merits your consideration wherever high produc 
tion runs are involved; where oil retention is difficult; and 
where equipment downtime and replacement costs are 
critical. The savings it can afford you and your customers 


may far outweigh the additional cost of this top-quality seal 


Write for your copy of C/R Scotsea/* Bulletin SS-100 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


Oil SEAL DIVISION: 1237 ELSTON AVENUE «¢ CHICAGO 272, ILLINOIS 


Offices in 55 principal cities. See your telephone book 


In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., Brantford, Ontario 


Export Sales: Geon International Corp., Great Neck 


R Products: C/R Shaft & End Face Seals « Sirvene (synthetic rubber 
R Non 


Sirvis-Conpor mechanical leather cups, packings, boots « 


New York 


molded pliable parts 
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McGRAW-HILL WEEKLY FOR DESIGN ENGINEERS 


November 7, 1960 


FEATURED: 


WHICH RIGHT-ANGLE GEAR SYSTEM? R C Bryant and D W Dudley 


A detailed guide to the 16 types that are now available 


WHAT CAPACITANCE TRANSDUCERS HAVE TO OFFER J R McDermott 


This articie brings you up to date on their pros and cons 


GET MORE FROM YOUR SLIDERULE C J Lynch 


Thirteen examples show quick ways to handle variety of problems 


FINDS BEAM DIMENSIONS FASTER L De Monge 


Section modulus charts are the key 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


New polymers show outstanding dielectric properties 
Fluorine plastic lubricates vacuum system 
Teflon film can be cemented with common adhesives 


New seals for fluids designed by British 

Rardom selection “guaranteed” by this machine 
Hydraulic-actuator study highlights unsolved problems 
Vernier device regulates pneumatic-system pressure 


Multi-element thermal transducers for transfer functions 
Transducers in the lab 
Block-type reader scans eight characters at a time 


Batteries trigger target pistol 
Snap-on engine fits assortment of implements 


Carbide’s compressive strength boosted by new treatment 
Improved aluminizing process claimed by Air Force 


Radiotelescope 2 years behind schedule 
Future product needs listed by space industry 
Paris auto show presents new pump, advanced styling 
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2 Nickel Alloy Steels provide 


A simple plan 
to save money 


by Steel Standardization 


How many types of steel do you 


normally use? 


(_nances are 

uur needs for 
many can be s: 
ypes, 4540 throug! 
‘ 


1620 carburizing. 


You are likely to find tha 
our engineering requiremeé 
be met with confidence 
fandardize on these tw 


purpose steels. 


You simplify invent 
I als-handling. You 
purchasing and productio! 
e 4340 stands alone among 
rbon steels in its ability to 
imum strength, ductil 
and resistance to 


medium to heav' 


4 


INCO. 


Ra MARK 


INTERNATIONATIT 


NICKEI 
67 Wall Street. New York 5. N.Y. 


r tyne t} 


it na 
itself the ideal 


consistently proved 
steel for a wide variety of carburized 
parts. 
has a minimum tendency toward dis- 
tortion in heat treatment. 


1620 is easy to carburize and 


Available From Steel Service Centers 
Both 4340 and 4620 are stocked by 
Steel Service Centers from coast to 
coast, ready for off-the-shelf delivery 
in a variety of sizes. 

When you have carried your stand- 

ardization plan as far as you can and 
you still have specialized needs to fill, 
the right nickel steels are available to 
vive you extra pe rformance or even 
lower costs. 
For a buyer’s guide to Steel Service 
Centers that stock 4340 and 4620, and 
other nickel-containing 
imply write Inco. 


grades, 


COMPANY, INC, 


Holding the Shippingport nuclear reac- 
tor’s top head to its shell section is a job 
performed by 42 studs of AISI 4540. 
This through-hardening nickel steel pro- 
vides essential strength and toughness. 


Power-packed tractor features unique 
drive mechanism composed of regula) 
gear transmission, clutch and torque 
converter with lock-up, utilizes nickel 
alloy steels in more than 25 component 


Swing shaft for giant power shovel made 
from 4340 nickel alloy steel for strength 
and toughness to take shock-loading in 
stride. This 9”"-diameter, 3¢ ong shaft 
of 4340 nickel alloy steel transmits 
tremendous torque to a giant ring 


Sustained accuracy is assured in this 
heavy-duty milling machine by spindle 
and gear components of AISI 4340 and 
4620 nickel alloy steels. They provide 
needed strength and wear re tance. 
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NEXT WEEK IN PRODUCT ENGINEERING 


Trouble? Try Radiant Cooling or Shielding 


For example, let the component run a little hotter—and radiate the heat away 


For a Stronger Metal Surface 


Practical guide compares hardening and overlaying for boosting wear resist 
ance, bearing and fatigue strength 


55% Thread Depth Will Make Beryllium Bolts Practical 
New large-radius threads increase fatigue strength; promise better fasteners, 
beginning with beryllium 


Designing Pressure Vessels 


Three nomographs aid in finding wall thickness, hoop stress or pressure limit 


Systems Engineering 
Though it has several roots, it’s a specialized new approach to cumbersome 
problems encountered in large networks of equipment 
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DEVELOPMENTS TO WATCH... 


British design new seals for fluids 


} } 
Iwo ne fluid seals, one a sing on type and the other a dual 


unit, provide in cH L iece combination of O-ring and cup 
to eliminate unnecessary relative motion and wear encountered 


kay , 
DaACKING TINS 


I _ 


Ihe single-action type is basically a | shape packing, with the 


vith conventional 


; 


U” filled by a resilient, rounded section which seals but does no 
tend to collapse under pressure (see diagram lurthermor 
designers say, the rounded, exposed surface of the “filling 
to ensure even distribution of fluid pressure Hall & Hall 
Hampton, Middlesex, England is making it im standard 
ranging upward from ,*, in. ID, 4 in. OD, 4} in depth 


he dual-acting type in effect a combination of two 


units. It is to be made in sizes to fit pistons from | to 
Both units can be supplied in any one of several syntheti 


rubbers, with cotton or nylon reinforcement. In the diagrams 
right, note the rounded resilient filling. Single-action tvpe ts a ) NY 
1.) » 
er, dual-action model at bottom AWS SEZ 
ANSS 


New treatment boosts carbide’s compressive strength 


Materials of high compressive strength that “may hav mM 


been produced with relatively simple high-temperature, moderate 
ccording to a report from Brigham Young University 
By subjecting silicon carbide to 15,000 atmos pressure 
they've been able to increase its compressive strength 30-fold 
ham Young 
In addition to the ultrahigh-strength fused silicon carbi yve made chromium 


1 
} 


ind manganese oxides and zirconium and titanium borides with surprising hig 


1 
} 


} 


pressive strengths and several oxides with semiconducting properties 
Present equipment handles quantities of about 10 cc; but the report 
H. Tracy Hall of Brigham Young says the equipment could readil 
+ 950 


handle at least 250 cc. 


Multi-element thermal transducers developed for higher-order transfer functions 


lor control-svstem ipplications Thermomete 
: 


involving low frequencies (0.01 


l cps nd low impedances 





on the order of hundreds rather 





than thousands of ohms), Aus 
} ] ] 


’ 
trallan engineers have devised a 






































simple multi-element design 
that consists essentially of a 
metal rod or tube with electrical heater windings at each 
thermometer windings spaced along its length (see diagram 
Ihe thermometers are so connected that differences of temperature 
metrically placed zones of the rod can be measured and line irly combined The output 
of the device then becomes a function of the sensitivity setting of each pair and the 
temperature difference between them; while the temperatures themselves are a function 
of the signal input applied to the heaters 
Sensitivity settings and numbers of thermometet 
| uutput; with the mputation 
ns for n unknowns 
hnique ral svstems have been designed for temperature ind 
Commonwealth Scientific and Industrial ( ch Organization 
being made for commercial production 
nother CSIRO transducer, see PE Oct 19, 
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On again 
Off again 
50 times 
over! 
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} 
Ait) 
att 


When frequent adjustment or dis-assembly is anticipated 
USE NYLON INSERT ELASTIC STOP’ NUTS 


PRODUCT ENGINEERING - 


Extended re-useability is built into every stand 
ird Elastic Stop nut. The tough nylon locking 
collar does the trick 
It grips entering bolt threads with a plastic 

smooth perfect fit that dampens impact loads, 
ibsolutely resists vibration, yet never galls or 
damages bolt threads. The nut may be “stopped” 
at any place on the bolt, whether seated or not 
for precision adjustment. When the nut is 
wrenched off for routine maintenance, the nylon 
collar, due to its elastic recovery, tends to resume 
its original shape. Thus upon re-installation it 
grips the bolt threads as effectively as on the 
original installation. And this on-off cvcle can be 


for the ring 


reliabil ut y 


repeated over 50 times on anv bo 
quality without loss of holding power 
The nylon loc king coll ir can also be us¢ d t 


seal off liquid seepage along the bolt threads an« 


| 
to prevent moisture from entering the load carn 
ing areas. It is inert to oils, gasolines, salt atmos 
] 


pheres and common acias 


Consider the economy to you and your cus 
tomers of this kind of fastener performance. Let 
us prove it to you. Ask for free test samples 

or a copy of Recommended Test Procedures for 
Determining Locknut Re-Useability. Write 
Elastic Stop Nut Cx if America, Dept 


S50-1145 230 VV; xv) | 


rporatior 


ELASTIC STOP NUT CORPORATION OF AMERICA 
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DEVELOPMENTS TO WATCH... | 





New photocopy machine to meet engineering needs 


A dry photocopy machine that will handle all colors of printing—even blueprints 
and materials ranging from transparent to opaque, is being developed by Nord Photo 
copy & Electronics Corp. The company expects to have it on the market within a 
year. It will be of the electrostatic type, and will make copies in 10 to 15 sec. The 
machine will be desk size; will handle originals—up to 11 in. wide, and any length 
I'he copies will be permanent, paper will be available in white and several colors 


New polymers show outstanding dielectric properties 


A compound with “the most stable dielectric constant over the widest temperature 
range of any material yet known” was described by three Diamond Ordnance Fuze 
Laboratories researchers to a recent National Academy of Sciences Conference The 
material, a bicyclic nitrile, has a dielectric constant that stays close to 18 all the way 
from 130 F to “well above room temperature.” 

Other—and perhaps even better—materials can be expected as the DOFL investi 
gation of this class of compounds continues because, R.W. Tucker of DOFI 


small variations in chemical structure produce marked changes in electrical propertic 


Improved aluminizing process claimed by Air Force 


\ vapor-deposition technique, said to be first of its type id particularly adaptabl 
to coating irregularly shaped objects, is reported by Wrigh r Development Div 
USAF. It uses an organometallic compound (tri-isobutv! aluminum) that decompose 
it 500 IF, produces an adherent coating directly on low-carbon steel. Says WADD 
lhe technique will make practical the use of complex steel shapes and fasteners in 
oxidizing atmospheres at 500 to 1000 F, and lessen the danger of galvanic corrosion 


This machine ‘guarantees’ random selection 


} 


\ lotter machine that hows a truly random distributi 
lesigned by the Central Institute of Industrial Research, Blinden rwa\ It achieve 
its goal by three security arrangements: 

All numbers are engraved in random order on the periph f the wheels 


Individual wheels are mounted on a common shaft dr vy an electric moto 


l 
but are started at different moments by providing for unequal adjustment of the frictior 


couplings 

3. Wheels are stopped individually by operating a brah 
at a time. 

When all the wheels have stopped, a shutter is opened by pulling a handle, and th 
lucky number can be read hen the release knob starts process over again 
Operation takes only 2 sec (plus reading time); and the machin in be arranged t 
project the numbers on a screen or to operate by remot t *hotos show the 


machine open and in us¢ ARG 
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WHAT'S HAPPENING IN RESEARCH... 


Hydraulic-actuator study 
highlights unsolved problems 


In a design study sponsored by th 
Air Force and the AEC, engineers 
GE’s Military Electronics Dept hav 


, 


een trying to find out whether exist 
ng hydraulic-control actuators could 
be adapted tor high-temperature ai 
craft and nuclear reactor systems. In 
several respects, the answer so fat 
a8 


Considerable effort,”” GE engineers 


i 
ment of high-temperature piston rod 


say, “has been expended on develop 


But “the results of the sear 
1ave been negative 
most 


cals.” 


Because elastomers 
plastics would be degraded eithe: 
the high-temperature (500 to 60 
fluid or by nuclear radiation, or 
the search concentrated on metal-f 
fibrous materials. But 
f 


itisfactory system has been found 


seals and 


On accumulators, the tests w« 
i little Conv 
tional types won't do, but it may 


more encouraging 


hy 


vossible to develop gas-loaded met 
llows that will serve satisfactorily 
For other components—pumps, 
parators, and heat exchangers—th 


| 
itlook is considerably better. A « 


tant-displacement ba'l pump has be« 


lesigned for service under the specified 


mditions and a centrifugal ga 
t inder consideration 


py of the 


problems and 


report, detailing de 


illustrating th 
types of components tested 

¢ obtained from Office of ‘Tech 

il Services, Dept of 
Washington 25, Dt APEX-5 5¢ 
> pages, $2.25 For additional i 


high-temperat 


Commerc 


formation on the 
fluids for which units of this type ar 
cing designed PE—Oct 24 


Fluorine plastic lubricates 
vacuum system 


Solid TFE resin 
b int n rie ney 
t ale signed 
f ‘Technolog 
Che reason: the unit i 


and had to 
1] 


X-ray spectrometer, 
it high temperature as we 


pressure Hydrex irbon lubri mts 
1] 


oil mists could not be u 


f the 
Barium was ruled out by the presence 


danger of contamination. 


of air. Graphite was too abrasive; and 
molybdenum disulfide simply did not 
provide sufficient lubrication. But, 
R. H. Willens of Cal Tech reports in 
Review of Scientific Instruments 


[FE (Teflon 


trick, and just by the simple means 


fluorocarbon did th 


bearings against a soli 


rubbing the 
niece of the plastic 

For ballbearings, this was 
eplacing the steel cage with 


l'eflon 
vas Teflon inserts. For 


In sleeve bearings, the 

thrust bear 
ings, several designs were used. Th 
fluorocarbon plastic seems particularh 
desirable, Willens says, because it ha 
excellent stability under vacuum n 


tions and low \ Ipor presure 


Briefing the Soviet record 


Io cool turbine rotors, blow th 
through the blade root vy | 
Shvets and Y. P. Dvyban of 
Ukranian Academy of Scien It 
nuch more effective than forced rad 
been testing ga 


blowing Lhe 


— 
rotors ope l at or below 
1300 


laim to hav de 


turbdDin¢ 
temperature 


i calculating method for such 
tems “sufficiently exact to be recom- 
iended for use in designing air-cooled 


um- and disk-type rotors 


published in ie 


Mashinostroveniy 


Che report wa 
soviet magazine 


1960 


lo increase strength of austenitic 
steels, Soviet metallurgists are recom 


iddition All 
f1 action i] 


+} 
! 


nding phosphoru 
vith phosphoru in 
markedly improves 
ress-rupture characteristi 
both at room temperatur 
201 » 1400-F rang 
iddition 
phosphoru 0 nhl kel-be 
) teels also improves he 
stance. A report appeared 
mava metallurgiva, N 


Sintered copper alloys, 
ilumina, are 
USSR) Scie 


rt Hard Alloy 


non 





Transducers in the lab 


\pplications for piezoelectric crys 


tals in laboratory work are outlined by 
New York Testing Labs 

Vointing out that 

vstal is essentially a 
iotes that the voltage 


| 

ectrostatic charg« 
\onitored by appropri instrument 
mn (vacuum-tube voltmeter, cathod 


tube, or oscillograph ). In this way, 


the characteristics of the applied force 


hich generates the charge, can be 


termined 

\pplications range from shock and 
bration studies to hvdraulics tests 
\dvantages of 
NYTL, 


hange im forces 


such svstems, savs 


to stress ovel 
from 


’ 
1 wide 


f generated voltage 


1¢ application range, freedom 
hysteresis effects, stability over 
temperature range (depending on th« 


pec the crvyst il used 
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PIEZOELECTRIC TRANSDUCER dia 
typical Upper leg 


here is 


gramed 


of electrical circuit includes crystal 


face, upper conductive wafer 


spring 
ase Lower leg starts with lowe! 


crystal face, includes parts beneath it 


\ t-page lc iflet prov 
oelectric crystals, and t 
use them in engineer 


from NYTI 


i\ i] ib] 





NEW DUAL-BEARING 


UNIVERSAL 
MOTOR 
provides dependability 





and long life in 
Refrigeration Fan 
Applications 





mreeceee 


sh 3 








The Type 118H-3, shaded-pole hubless fan-motor is a rugged, 
new, precision built motor that has been specially designed to 
precisely meet the needs of refrigeration manufacturers. The 115 
volt-60 cycle-1550 RPM model is totally enclosed and suitable for 
all angle operation. It conforms to all existing dimensions and has 
the standard 3-stud mounting and the 4-pin hubless adapter so 
that it can be installed as original equipment without modification. 


This new Type 118H-3 has two free-aligning Universal Bearings 
located at either end of the shaft rather than a conventional 
single bearing. These bearings are of an advanced design and 
eliminate fractional HP motor problems due to misalignment. Each 


115 Voli—60 Cycle— 1550 RPM 
“Universal Bearing" 


Watts Output 


All Angle Operation 

High Impedance Protected 

Totally Enclosed 

No Oiling Required 

Special Windings on Request 

Rotation Determined Viewing Shaft End 


has its axis of support at the center, rather than at the end; they 
ore therefore always in balance and adjust themselves to shoft 
misalignment under any load conditions. This results in longer bear- 
ing life and assures a motor that is efficient, sure starting and 
quieter. These bearings are self-lubricating and each one incorpo- 
rates an extra large, life-time oil reservoir. 


Due to the two free-aligning Universal Bearings, the newly 
designed laminations and the improved rotor construction, the 
Type 118H-3 Universal Motor will provide years of reliable, 
trouble-free operation. Special windings are available on request; 
write for complete information 





New Universe! Bearing has support pressure on 
center of bearing rather than the end to eliminate 
uneven tension and permit adjustment of axis position 
to true alignment. Neoprene collar around ovtside 
surface of bearing accommodates manufacturing toler- 
ances; small metal clips confine collar, allow free 
sliding movement along bearing support surface 


PRECISION ELECTRIC MOTORS 


e UNIVERSAL ELECTRIC COMPANY 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 12 $4 
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Easy to install! Easy to service! Hard to wear out! 


bl bl 
LINK-BELT COUPLINGS 


Here’s a flexible coupling that’s 
vsimple vdependable vinexpensive 


SIMPLE! Link-Belt “RC” couplings consist of two 


sprocket halves joined flexibly with a piece of roller 


chain. The chain is specially constructed for flexi- 

ble coupling service—it is of single width con- 

struction, but has extra overall width and divided 

y” rollers which provide independent contact with 

a each sprocket tooth . . . equalize load com- 

~ pensate for shaft misalignment. Especia npor- 
‘ 


tant, “RC” couplings are easy to instal 
to take apart and put together 
\ DEPENDABLE! Chain and sprocket halves 
of quality steel. In addition, sprocket t 
chain parts are hardened The resultir 


strength and wearability pays off in long 


able service 


INEXPENSIVE! Extremely simp 
holds down the cost of “k 


plings 


HARDENED 
WEARING SURFACES 


of both chain and 
sprocket add extra 
wear-life to _— 
couplings 


CHOICE OF HOUSINGS 


for retention of lubricant and protection of the 
coupling. Style R spun metal, vertical split. Style P 


molded plastic, horizontal split 


STYLE R 


STYLE P 


. ' 
LUNKBELT 
is'R _ 
| ions FULL DETAILS are con- 

tained in Book 2363 
For your copy, call your 
nearest Link-Belt office, 
listed under COU- 
| PLINGS in the yellow 
pages of your phone 


book 2 = 
L RC"’ FLEXIBLE COUPLINGS 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago | ToServe Industry There Are Link-Belt Plants, Warchous 


1 Stock Carrying Distributors in All Principal Cities. Export Office, New York 7; Austral Marrickville (Sydney); Braz 
boro (Toronto 13); South Africa, Springs. Representatives Throughout the World 
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FROM WASHINGTON... 


Navy radiotelescope 2 years behind schedule 


Ihe Navy is having design problems in building its 600-ft-dia radiotelescope at 
Sugar Grove, W Va. Completion date for the project has already been pushed 
back from 1962 to 1964 (and costs have risen from the original estimate of $79 
million to over $100 million 

An IBM 704 computer has been working for months on stress-analysis details 
so that detail designs can be made. ‘The problem, however, is not simple. When 
completed, the huge 28,000-ton stcel-and-aluminum structure must be accurate 
to a tolerance of 1/4000 in. It must rotate in azimuth 360° and over 90° in eleva 
tion, And change of direction must be done without any backlash 

In addition, the aluminum mesh-lined, saucer-shape antenna, covering 7.4 acres 
in size, has to be sturdy enough to withstand wind velocities of 90 mph and operate 
in velocities of 50 to 55 mph. 


} 


Dual 10-in. rail tracks with monorail power units will maneuver the radiotele 


scope in azimuth, and four friction power drives will control the clevation. ‘The 
Electric Boat Div of General Dynamics Corp is developing these units for the Navy 
\ 116-ton pintle bearing will prevent lateral movement of the telescope. Gen 
eral Steel Casting made the casting, with Baldwin-Lima-Hamilton doing the milling 
Navy will use the Sugar Grove radiotelescope for top-secret communications 
work. And, on a time-allowable basis, scientists will use the facility to search out 


i] 
radiO signals Coming from stars 


Samos a specialized spy satellite 


Unofficial reports claim that the Air Force’s Samos spy satellite will photograph 
enemy installations with the same detail as that seen by a person standing 100 ft 
iway from the object. However, the service won’t comment on the matter officially 

One or two additional Samos launchings are planned this year. ‘he first failed 
to orbit when launched Oct. 11. From 10 to 12 launchings in the Air Force 
Discoverer, Midas, and Samos series are slated both in 1961 and 1962 

By late 1963, the Samos and Midas military intelligence-gathering satellite svs 
tems are due to be in regular use. Earlier test versions will be feeding back limited 
information also. Samos will photograph enemy installations; Midas will detect 
missile firings through its infrared sensor svstem, then flash a warning to ground 


monitoring stations 


Navy plans deep-sea locker for its oil supplies 


Underwater petroleum-storage tanks are being 
plans call for a series of such occan-bottom st 
over | million gal 

Right now, Navy has a 50,000-gal. rubber tank under test off the Louisiana coast. 
Submerged in 52 ft of water, the 20-ft-wide, 68-ft deep tank held to the ocean 
floor by a tubular-stcel frame and nylon harness 

Fittings let ships cr submarines receive from or discharge to the tanks. Built 
by US Rubber Co, flexible hose links the storage tanks to an underwater stee!} 
header tank, then to a surface buoy Gages on the surface buov indicate the 
amount of oil in the submerged tanks 

Potential nuclear-blast damage and high cost of land-storage areas are the reason 
Navy is turning to underseas stockpiles. I:ventually, some officials predict, under 
water storage farms will be located at strategic points around the world. Right 
now, storage of such commodities as fuel oil, gasoline, lubricating oils, and fresh 
water are envisioned. Long range, however, even solid materials may end up in 


deep-water storage, some Navy officials predict. 
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(What's wrong with this picture ?) 


Are your bookkeepers better 
equipped than your engineer-draftsmen? 


Yes, today’s bookkeeping procedures demand 
accuracy and productivity —equipment that 
guards against error, while saving time. 
Your professional engineer-draftsmen, too, 
need modern equipment for top efficiency, 
as their work helps establish your 
productivity throughout the entire 
product-planning and 

manufacturing cycle. 


~~ 


— 


Your draftsmen, your productivity, deserve new Hamilton 
space-and-time-saving equip 


You keep your best men productive by giving them the 
equipment they need to do their best work, and you 
eliminate costly errors fostered by inadequate or anti- 
quated equipment. In Hamilton equipment, you get top 
productivity for every square foot of floor space. 


Not only do all Hamilton units start to pay you the 
minute they go on the job, but they keep working harder 
for you every minute—because they're so ruggedly con- 
structed, designed for greater ease and comfort 
consequently lower fatigue 

The Hamilton units are themselves a product of meticu- 
lous engineering and long experience—features and 
dimensions established as idea/, in many thousands of 
industrial installations. Yet they deliver the flexibility that 
every individual and every department require. Our ex- 
perienced planning engineers are at your service to help 
select the best arrangements for your needs. 


Hamilton CL 100 Series 
Entirely new, canted-leg styl- 
ing assures stability without 
side crossrails. Strata-Core 
board, with green linoleum 
surface, both sides steel 
edged; tilts 0° to 40°. Fully 
adjustable recessed footrest 
steel reference, tool, and cat- 
alog drawers. Other fine fea 
tures, superb styling in light 
Sahara-Tan, satin-chrome 
hardware 


Put draftsmen in a “position” to do better, faster work! 


Bruning’s ali-new Neoglide drafters literally help draftsmen 
Straighten up and do faster, better work.* They provide 
complete maneuverability on any board at any angle without 
adjustment! Reinforced U-beam construction assures rigidity, 
strength, and accuracy. Resistance-free movement of vertical 
beam and hidden counterweight provide fast “floating” action. 
Touch-control protractor head gives automatic, pinpoint 
angle selection. 

*Study of 300 draftsmen showed 35% savings in drawing 
time—1/5 the backaches—on vertical or near vertical boards 





ment—from Bruning 


Hamilton De Luxe Auto-Shift Tables 
Scientifically seasoned drawing 
nism controlling height and slope flexib 
with fingertip pressure; linoleum-covered refe 
Many functional features, combined w 
table, basic table, and rear 


nceaied 1a- 
be 


rence 


Surface; co mec 


ty, can noved 
th 


; ; 


prestige sty 


reference desk—matchse 


Hamilton L-Contour Unit 
Counterbalanced, range 
board adjustments pern 

frequent position changes 
at finger touch tfer 

greater flexibility of wor 
rangement, lessening fatigt 
Telescoping legs adju 
height 30° to 31 Gener 
storage ftacilit rable 
linoleum surtace 
Beautiful utilitarian 
maximum spa efficienc 


onstructed for long service 


of 
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es, Gu 
reference 
sty 


e y, 


(BRUNING ) 


CHARLES BRUNING CO., INC. 


1800 CENTRAL RD.. MT. PROSPECT, ILLINOIS 








HELPS THE HANO THAT SHAPES THE FUTURE 


SPARKS 


roda-t-hih a= ) 


Te f-¥- 4 


ue 
peer 


The creative man’s brain is awhirl. Instinctively his hand reaches 
for his CASTELL pencil. The brain child is locked within. Now it 
must be brought to life on a plane surface to conform to the nebulous 
image. CASTELL, the world’s finest drawing pencil, is the trusted 
intermediary. Because it is itself conceived and produced with the 
care and skill of a precision instrument, CASTELL is the partner of 
progress the world over. To a creative man, CASTELL is an un- 
questioned fact of life. 


#9000 CASTELL Pencil with world’s finest CASTELL rubberiess MAGIC-RUB ERASER soaks up graphite without abrading drawing surfaces, 
natural graphite that tests out at more than and residue rolls off. Leaves no ‘oil’ stain or “ghost.” Tests highest in ease of use, line removal 
99% pvre carbon. Exclusive microlette mills and non-smudging. Tests first on Cronar and Mylar base films. For all papers and vellums. 
process this superb graphite into a drawing 

lead thet lays down graphite-saturated non #9BOOSG CASTELL LOCKTITE TEL-A- #9030 CASTELL Refill Lead, matching 
feathering lines of intense opacity for GRADE Holder, perfectly balanced, light- exactly #9000 pencil in quality and grading, 
cleaner, more durable originals and clearer, weight, with new no-slip functional grip that degrees 7B to 10H, packed in reusable 
sharper prints. Extra strong bead takes lightens finger pressure without slipping, plastic tube with gold cap, 

needlepoint sharpness without breaking or and relieves finger fatigue. Unique degree Many other styles and colors of CASTELL 
splintering. Smooth, 100% grit-free consis- lead indicating device. Pencils Holders and Refill Leads. 

tently wniform pencil after pencil, in full 


range, 88 io 10H. A.W.FABER-CASTELL 41-47 Dickerson Street, Newark 3, N. J. 


#9007 CASTELL Pencil with Eraser. 


AW FABER CASTELL ORaw Nc REFILLLEAD 9030 
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World’s New Length Rule Based on Krypton 86 


’ 
Paris— The ith 
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ength. now that the 


onference of Weight 
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unanimously needs split millionths to have a stand 
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Engineering Loses Students to Other Sciences 


Cuicaco—Engineering 


makes 1 | l ) c 
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n-millionth of an qualified student 
en times as accurats he , ore interested in 
The conference _ Phat 
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Land Tanker Redesigned From Stem to Stern 


Show r compartment has adjustable 


The most impressive vehicle at the British Motor 
nescent panel lighting, and a wraparound windshield 


in London is the BP Trader-John Thompson-Leyland 
1000-gal 
welded to 


“Autotanker.” It’s i multi-compartmented, ight-alloy construction gives 16-t 
tanker, with the cab and front-wheel assembly 
packaged transverse eng ne ‘learance height 
rear-detachable subframe driveshaft. A fully eng 
rear view that almost 


Autotanker” is powere: 
| 


mpty, 3 tons) and the 


the forward frame, and a 
transmission combination on a 
It has power steering, combination air-leaf spring sus 
pension, and a powered hand brake. Crew access is below 


the windshield through a single front panel, and the driv factured by Leyland o 
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GRAPHITAR vanes 


(CARBON-GRAPHITE) 


and long life of CONDE 


This rotary positive displacement pump, engineered and produced by the Dri-Air Pump 
Department of the Conde Milking Machine Company, Inc., of Sherrill, N. Y., is designed to 
deliver clean, dry air or gas for high vacuum and low pressure applications in hospitals, dental 
offices, chemical or pharmaceutical plants, industrial processing systems and in metalworking 
plants. Thanks to vanes of GRAPHITAR, the CONDE Dri-Air Pump gives years of trouble- 
free, continuous operation at maximum recommended vacuum and speed . . . without lubrication! 
The GRAPHITAR pump vanes are self-lubricating and are seated by centrifugal force. Operat- 
ing with a minimum of friction, they become increasingly efficient as the pump is used. 
In addition to their self-lubricating properties, the GRAPHITAR vanes are hard, light, non- 
sticking, non-warping and chemically inert. Perhaps these qualities can be utilized to 


advantage in your products. 


Bulletin #20 includes detailed design data along 
with properties, characteristics and typical ap 
plications of GRAPHITAR. Write for your free 
copy. If you have questions concerning the 
incorporation of GRAPHITAR parts in your 
products, our engineers will be glad to assist you 





THE UNITED STATES 


GRAPHITAR” carson-crapnite * GRAMIX® powoer weraurcy * MEXICAN’ crapwire proouets * USG” srusues 
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help insure efficiency 


DRI-AIR pumps 


GRAPHITAR is used e» c require an engineer 
material that is non-metallic, resists chemical attack, is self-lubricating 
anically strong, yet light in weight and can withstand temperature 
changes. Parts made of GRAPHITAR include rotary seal rings, pack 
rings, press joint seals, bearings, fluid coupling seals, meta 
{ ad 


‘ 
ked bearings piston rings ar pump liners 


ure 
bac 





GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
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Extrusion Tests 
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New Pump Is Focus of Paris Auto Show 
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PRINCIPLE OF OPERATION of 
fuel pump the 
compressed 
channel 
stiffer 
forcing 
This 
through 
piston 
piston, 


diesel-injection 
fills 
upward 


pump. At 
compression 
stroke I 
ther 


Start ol cyci 
incorporated in 
pump 


closes 


unit the chamber. Oil 


as piston 
and checkvalve 
than the transfer-channel 
into lower part of 
shuttle off 
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return Note 
which is camshaft 


starts nder pressure, trar 
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shuttle 


upper 
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valve's Pump 
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which 
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NEW INJECTION PUMP (left) is much smaller than its predecessor 


types are 


being road tested on diesel-engine Peugeot's 
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- Designers think of R/M first for ashestos, rubber, 


¥ 


aa * 
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R/M POLY-V’ DRIVE ‘'J’’ OFFERS ADVANTAGES NEVER BEFORE POSSIBLE 


Design advantages sought for years for small machinery drives are now 


available exclusively in Poly-\ 


Drive “J’’—utilizing a single parallel 


V-ribbed belt running on space-saving sheaves grooved to mate pre- 


cisely 


with the belt ribs. Only R/M Poly-V “J” offers 


Silent, vibrationless drive operation 

No splice on traction surface 

Requires less space—is cooler running 

Designed especially for small pulleys—as small as .8" diameter 
Positive groove tracking— will not wander or run off sheaves 
Will operate in any position and on 4 turn and mule drives 
ideal for serpentine or tandem drives 

High RPM and belt speeds 

Highly efficient 

Long life with either inside or outside idlers 


Exceptionally small mounting clearances and take-up. Permits 
reduction of housing and cover casting size 


Absorbs shock—gives overload slip protection against machine 
damage 


Does not lose efficiency with wear—gives longer life for belt 
and sheaves 


Heat and oil resistant—requires no lubrication or belt dressing 


Exceptional flexibility— operates easily with midget motors 


1 U.S. or 
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Engineered Specially for — 


Small Sheaves and Short Centers 
Wherever Balance, Reliability and 
Silent, Vibration-Free Performance 


are required. 


MORE power in LESS space than 
conventional V-Belt Drive with no 
matching or turnover problems. 
Write for Bulletin M142. 

R’M Px 


is available in the larger ““L” ar M" Sec 
Write for Bulletin M141. 


For medium and heavy duty dr 


Wherever your problems involve 
Power Transmission Drives, V-Belts, 
Flat Belts, rely on R/M Products and 


Engineering Services. 


Write today for free 

woklet shown: full 
detail on a wide 
variety of industrial 

ibber products 
Manhattan Rubber 
Division, Raybestos 
Manhattan, Inc. Pas 
saic, N. J 
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R/M CAPABILITY 


develops precision-molded piston cups 
for perfect seals that last and last 


You can be sure of minimum friction, highest resistance to ex 
trusion, and positive sealing action with R/M precision-molded 
piston cups. Compounds have been carefully developed by 
R/M’s chemists to provide maximum service in a wide range of 
applications. Careful quality control assures dimensional uni- 
formity, clearly defined contours, and cleanly trimmed edges 
available: R/M_ 1400 Series, 


R/M 1501, from asbestos fabric and 


Two types are manufactured 
from duck and synthetics; 
synthetics. Both are custom made to fit specific applications 
Diameters range from 4 to 12 in. They can be furnished in vary- 
ing degrees of hardness for pressures to 1500 psi. And R/M’s 
vast experience in designing and manutacturing packing and 
your disposal. Send us data on your 


gasket materials is at 


application 


r 


PACKINGS / mY 


l ety 


/ 


Write for free brochure giving complete information on R M Molded 
Hydraulic and Pneumatic Packings. Packing Division, Raybestos 


Manhattan, Inc., Passaic, NJ 














ADHESIVE PROBLEMS 
SOLVED HERE 


Here in the Raybestos-Manhattan adhesives labora 


Bridgeport, Conn., our engineers can solve even 


youl 
difficult adhesive problems. 
R/M manufactures a wide range of Ray-BOND 


For special requirements, R/M will tailor special adhesives 


adhe Sive 


designed to meet your particular manufacturing techniques, tt 
demands of the materials you are using, and the service cond 
tions of your product 

Take advantage of R/M’s more than 20 years of experience 
the production of bonded assemblies and the manufacture 
Why not 


Manhattan engineers today, without obligation 


Raybesto 
and ask the 


adhesives, coatings and sealers call on 


to prove how they can help you cut costs, speed production, ar 


simplify fabrication and assembly operations 


ADHESIVES 


New R/M Bulletin No. 701 contains helpful engineering informat 
on Ray-BOND adhesives, protective coatings and sealers, casting 
encapsulating and potting compounds Write for a copy today 


Adhesives Division, Raybestos-Manhattan, Inc., Bridgeport, Conn 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passa N.J.¢ Br e Manheim, Pa 


dgeport, Conn 


Crawfordsville, Ind 
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Calif. « No. Charleston, S.( 
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POINTS OF VIEW 


been disturbed to observe, in my editorial travels 


ction year, a resurgence of what might be called 
entury ““Mugwumpery.” ‘Too many folks bespeak an 
uperiority toward the issues and candidates of the 
too many claim they can’t make up their minds 
many, it seems to me, “have their ‘mugs’ on on 
of the fence, and their ‘wumps’ on the other.” 
And the prime reason I am disturbed is that too man 
yf today 
rules in their hands 


Mugwumps sitting on the fence have slide 


The reason for this state of affairs can, I think, be 
tated in the following paradox: In a day when technology 


] 


issumes an increasingly controlling role in our lives, 


technologists—scientists and engineers—are becoming 
increasingly indifferent to the social problems their tech 
nology evokes 

Let’s take a few examples In each of these the tech 
nologist plays a responsible role of creation, th an 
irresponsible role of indifference 
American 


First, the 1utomobile, regardless of what 


invone says about its style, remains the classic example 
f imaginative, cost-conscious engineering against heavy 
manufacturing odds. Yet urban congestion and highway 
ifety are two of our most pressing national problems, 
ibout which Detroit has yet to raise its voice above a 


HIUTMeCr! 


Second, the most spectacular achievement in manu 


I has been, to my mind, the marriage of the 
ymputer and the machine tool to create a world of auto 
matic manufacture and assembly that is breathtaking in 

tents for future productivity. Yet the creators of 
largely left the 


ns of unemployment, worker 


shotgun wedding have cmerging 
training and in 
ised leisure time to the sociologists 

Third, th 


none and will continue so, in my estimation, for several 


second t 


American standard of living is 


ome—the Soviet thrust not withstanding 
We ; e the fact, nonetheless, that the vitality of 

ety depends—in large part—upon conspicuou 
nsumption, with its concomitant unknitting of the sleeve 


purpose. We may rightlv ask 


remind a diverted 


how often d 


of such plenty buving 


big human problems confronting 


ig 1 burgeon 
population 
Fourth, the Manhattan District project of World 
been rightly adjudged an engineering mirack 
u wuld give, 15 vears after Alamagordo 
estimate of an H-bemb’s effect on an urban are 
York. Unless the progenitors of atomic energ' 
with such facts, how can serious proposals for 
ike Gov Rockefeller’ recent om yn 
te receive a fair hearing? 
| think, therefore, that it is important we inquire into 


the root cause of the engincer’s relative indifference t 


public affairs. The key seems to me to lie in the lopsided 


wal he 


} 
ipplies the four major characteristics that mark 


| 
wim 1 standout among men 
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THE Question: Are Kngineers 


Now, if these four characteristics—curiosity, creativity, 
honest, and versatility—are directed mostly inward to the 
preduct or job environment, then the paradox sharpens 
If, however, the engineer recognizes the viability and 
utility of these talents in the public sphere, and con 
sciously exercises them outward from the job, then the 


paradox can be resolved 


Here are some of the steps engineers can take to assum¢ 
a greater role in public affairs. Some stem from the out 
ward projection of the technologist’s special talents; others 
arise from his nature as a political animal. Some will elicit 
ready acceptance; others may provoke debate. All of them, 
I believe, are in harmony with the dual nature of citizen 
ship in our Western culture: the citizen has a right to be 
consulted, but a concomitant duty to contribute to the 
consultation. 

First step is a sort of professional stock-taking, a critica 
examination of your own job. It is well worth doing? Does 


the end product or service rendered contribute or detract 
from the public weal? Is the product or service an honest 
one, honestly marketed? 
uous at first, but I firmly hold to the Socratic injunction 


“The unexamined life is not worth living.” If you are 


hese questions may seem ingen 


going to begin organizing consent and support for action 


in the common good—and this, simply, is what politics 


is all about—the in inward look at the outset is 


worthwhile 

Secondly, inform yourself of the facts in a given publ 
controversy, just as you gather data when choosing among 
possible alternatives in an engineering decision. Simplest 


method is to read widely on events of the day m 


prehensive daily newspaper, a capsulizing weekly maga 


zine. a reflected monthly journal, as many books as in 
terest you. Of course, this will give you plently of opinion 
ilong with the facts, but your discriminating powers will 
quickly sharpen 

Third, know your society, its hist 


t vernment an t 


nas W ish al i k 
Debate the issues in my fourth suggestion. On 
ve the facts and som 
nterpret them, vou are in a position to start searcl 


1 solution 


background against which 
roblem confronting you or 
ommunity. One o greatest tools in thi earch 
lebat sCUSSI leads to action. I add this qualifies 
because seems to me that discussion for discussion 
ike 1S ect examp f a peculiarh Amer 
eccupation with the rituals of democracy 

When I urge debate upon you, I am not thinking 
f quickly choosing sides and arguing. I am thinking of 
erious inquiry into the alternatives. As in engineering 
the choices in public affairs are seldom black and whit 
I would urge an initial detachment before you rush in 
with your arguments. Don’t accept the first solution that 
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‘Too Good’ for Politics? 


+ 


occurs to you. If you have the sense to check hydraulic 
drives vs electric drives in an engineering design, have the 
sense to check, for example, a bond issue scheme vs a 
pay-as-you-go plan in a municipal improvement situation 

Fifth, use your logical faculties to bring direction and 
precision to Civic inquiry As an engineer, your intellect 
has been honed to the observation of fact and the deduc 
tion of right action therefrom. Even the most casual at 
tendence at town council meetings, school board meetings 
and so on will convince you that logic is a scarce com 
modity these days. Part of any orderly assay of a civi 
problem is a firm resolution to spurn emotional argument 


is decisive 


Notice | have 


yn innot be 


is decisive 
inquiry, mn 
in my judgmen end today a 
oblems be me more let emotion 
the argument unduly. The danger is sharply drawn 
Denni 
day i motiona 
rratifving short-term 1 ntmen 
Sixth, participate in public affairs wh vour talent 


in engineer count most. I have mentioned debate and 


lively book, Citizenshiy 


Brogan in a new and 


, 
d ns disregard th mng-term pl 


discussion, but I have in mind here the more non-partisan 
activity 
ke These groups seek detailed knowledge t 


ction and can use your expert knowledge along 


the planning boards, zoning boards 


vour facility for alyzing complex problems. ‘This 
participation 1 lose akin t ymmittee work 
technical socities, and mam you know how 
important and rev ling that can be. Be forewarned 
though, that the 


simultaneously on society 


operati word 1 work ind working 


committees and civic advison 


of Hercules 


How about partisan political activity? Here the human 


groups requires the energy ind patience of Job 
effort reaches not only for the correct solution to a given 
problem, but also for the 

me subject to judgment and inter 


ition, with the philosophy and character of the cand 


power to implement this soli 


ind parties coloring the solution. This is it should 


that under th ircumstances the 


quit th 


| 
lid 


My next suggestion c en you select 


ind how ul Keep | 1 on their toes once 


re if vou 


d. Insist on sound repr who can think 
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FORD R. PARK, associate editor 


for themselves on the broad 


ometimes dificult to do in such a huge country with 


, : 
uch diverse, regionul interests. I ymmend 


Edmund Burke’s 


constituency in 1774, the British parliamentarian 


view Addressing the electors 
Bristol 
mut it this way Your representative owes 
ndustry only, but his judgment; and he betray 
erving you tf he sacrifices it to your opin 
times it not enough to accept men who 
thenes’ phrase “try to picase the 
tell them what thev need 
sound men 
ening to them talk 
in the final cont 
ment. Assuming the 
ifter him with 
nter¢ 
n 
time to who will 


nanner, it him with 


ld commend to 


iffairs. As engi 


mmediate solutions to problems; in 


Patience is the eighth virtue I wou 
yur pursuit of excellence in publi 
uu seek 


it may take a gen resolve an 


cultural surpluses 


American de 
' : 


+} 


n astonishing! 


but some 
igorous and patient litic ction, as 


: 
know from the vast Popu movement 1890's 


reform and innova n bo take tim omplish 
nsent must be org ed, rather than 

mg. So partici but patien 

Vote regularly—but with discrimination, 


ecngincel 
tion, and it seems most too obvious to discu 

ellectual honesty, 

ym this most 

et voting in 

1 Presidential 


mn national 


The above Points of View was « 
by Mr. Park before the Fort Wayne 
of related interest was “Science 
June 1 ‘59, p 28 
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VERTICAL SINTERED BRONZE FILTER 


TIME ADJUSTMENT SCREW 


— 


SILICONE DIAPHRAGM 





New! A Cutler-Hammer one-minute 
pneumatic timer that eliminates 
the troublesome check valve! 


Unique diaphragm design makes timer more accurate and dependable than any other 


The new Cutler-Hammer one-minute Pneu- changed from ‘“‘on delay” to “‘off delay”’ in 
matic Timer, by eliminating the conven- seconds. Smallest electrical dimensions of 
tional check valve, does away with failures any one-minute timer, too. Call your Cutler- 
caused by dust. Hammer distributor for full details or send 
Using a silicone diaphragm, this timer for Publication LO71-W249. 
pulls fresh air in through a filtered vent, and 
on the exhaust stroke blows away any dust What's new at Cutler-Hammer? 
that may have collected on the surface of You can see the big change at Cutler- 
the filter. No chance for dust to affect ac- Hammer wherever you look. New, better 
curate timing or make the timer inoperable. products. New, expanded engineering staft 
The silicone diaphragm works equally well and facilities. New added plant capacities 
150°F above zero or 45°F below zero. All done to help you meet the big oppor- 
No other timer is more accurate. It ad- tunities of this decade. 
justs easily from .2 seconds to 60 seconds If you’re planning ahead, we'd like to 
with a 7'-turn screw that provides precise show you how our talents and experience in 
adjustment to the desired time setting. All electrical control could help you. Contact 
you need is a screwdriver. And, it can be the nearest Cutler-Hammer sales office. 


> ASK, 


CUTLER- HAMMER f= 


Cutler-Hammer Inc., Milwaukee, Wisconsin « Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 


CONTROL 
Hammer inte ional, C. A. Ass ates: Canadian Cutler-Hammer, Lid.; Cutler-+t+ammer Mexicana, S. A. 
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Medical Enginering 


UITLE S| 


Tom 
Medici 


4 gil p 19, p 8t. I wish to point out 
LIETS . 1owever, that there are advantages to tl 
os se of an engineering group on a formal 

eee gl > Kn ial sae | 


vith interest your vel 
ie Consults the Design I 


basis wherein work o1 


full-time and the 
im effort. We | 
the need for this ty] 
ntal effort, feeling that the 
tim better spent 


of his problem 


isp ts of his needs a 
onsummated in an e1 
heavily oriented to 


on Wiii1amM P Murupy 
sident, Cordis Corp, Miar 


trating 
iequate instrument 
trie medical prote ; 
nhmqgues fT quire 


ly 


mtinuous 
pupment just wil 
is been applied to most 


society today; why 


—_— _" ) il 
, yuld it 1 be applied to medicine, p 
mA LL } | ttl viding it ipplied with system instea 
at. = — haph rdly, resulting in additional f 
t to the men involved? 
med that 
hrm 1s getting 


Dr Selwin M 


tt group propose to asset 
f tors and technologists 
\ firm, specified | 


on specifically for th 


rineering, more pr 
Both are driven by Rockford Spring-Loaded Clutches SS PNCCTING ant idly ; 

. id was founded in 1954. Sin 
Rockford offers today’s design engineer an it has functioned continuous 


ultra-wide range of proven power controls for tive d ff hrm for = 
1utomotive, agricultural and industrial vs ete sae ¢ 
machinery. Rockford’s complete medical and dental pro 
engineering design service is . 
available to you at no cost or 
obligation. All clutches are 
quality-built and thoroughly 
tested for enduring depend 


ibility customers stay 





customers. Write tod 


illustrated brochure SPRING.LOADED 


ROCKFORD CLUTCH 


ROCKFORD CLUTCHES 


ROCKFORD CLUTCH DIVISION jp BORG-WARNER 





209 CATHERINE ST. Export Sales 
Borg-Warner Inter 


ROCKFORD, ILLINOIS 36 So. Wabash 
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self is mace 
fact, it is too sticky 
any reasonable bas 
elopment 
In substitution for t 


st I propos that 


nest acceptance of a straightfe rd . .. On 
ut which doc XIST primary 1 t 
tin lement in th 


fessional and 
+] 


ie desire for p 


Sion ce WALDRON 
Series “M” 
Couplings 


6 HOLLOW SET SCREWS K % LG. OVAL POINT 
SPIROLOX RING (EXT 

n their gray SPIROLOX RING (INT 
Arran W Met 


%! f ré GEAR RINGS (NYLC 
S \ = > ———— 


+4 
eal 


COMING EVENTS 


NOVEMBER 
8-11 


The new Series M couplings—with nylon gears and steel sleeves—need 
no lubrication. Equipped with Taper-Lock bushings—each coupling size 
can accommodate a range of shaft sizes. For instance, the 162M, now 
available, will take shafts from 2" to 1%" with proper size Taper-Lock 
bushings, and up to 2” without the bushings. Hubs are machined from 
bar stock and the one piece sleeve is made of steel. This design means 
a smaller, light weight coupling that is easier to install and maintain 
and yet can transmit the necessary power. Size 162, Series M gear 
couplings can be used for continuous operation up to 5000 rpm at 
torques up to approximately 2000 inch pounds. 


WRITE FOR CATALOG 


WALDRON 


DECEMBER 
Beas te othe retell WALDRON-HARTIG DIVISION 
Aa aggre eg ae AN MIDLAND-ROSS CORPORATION 

d Hilton H BOX 791, NEW BRUNSWICK, N. J. 
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NENTS BASIC TO Inous?tT 


New plant growth 
to tap 


for your rubber needs 





And you made it possibie! 
Ohio Rubber's history of plant growth 
manufacturing expansion dates back to 1926 

continues through 1946 and 1957. And, in late 1966 

ORCO opens its new Fort Smith, Arkansas plar 
dedicated, as with the others, to ser 
you bette to supply your increasing nee 


stom compone}lr 


ORCO SUM TOTAL: 5 major, geographica 

1.200.000 square f 
2000 trained employees 
lucts of natura 

rene, polvurethar 
d rigid vinyl! 


you across the boa 


nation 


me OHIO RUBBER 


General Office - Wi//oughby, Ohio «+ WHit 


: EAGLE 
N OF THE EAGLE-PICHER COMPANY 
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NEW worscrower RATINGS FOR REX ROLLER CHAIN 


Sreak the Barriers on Speed and Capacity 


Now you can use Rex Roller Chains for efficient opera 
tion at horsepower capacities and speeds generally con 
sidered impractical in the past. New ratings, made possi 
ble by quality improvement and proved in the most 
exhaustive laboratory and field tests, now open fields of 


application for the imaginative designer. 


The new horsepower ratings were developed by the 
combined efforts of the Association of Roller and Silent 
Chain Manufacturers. Rex Engineers took an active part 


in this program. Here are the facts: 


PRODUCT IMPROVEMENT PROGRAM 


For some time, Rex Engineers have been engaged in a 
program of continuous product improvement. Such de- 
velopments in design and manufacturing as guided pierc- 
ing and re-piercing of link plate holes... precise control 
of pin, bushing and roller diameters... precision interfer- 
ence fits of pins and bushings in link plates...accurate 
control of pitch...oil holes in bushings for increased 
access of lubrication to live bearing areas...have resulted 


in greater horsepower capacity for Rex Roller Chains. 


APPLICATION EVALUATION PROGRAM 


Through years of extensive work both in conjunction 


with the Association of Roller and Silent Chain Manu- 
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facturers, and in CHAIN Belt laboratories and in 
field, Rex Engineers have helped acquire a more intimat 
knowledge of the load and speed requirements of roll« 
chains under actual service conditions. Such testing pr« 
grams as field dynamic load tests using strain gauges o 
actual operating chains...the relationship of proper lubr 

cation and speed as it affects galling have led to si 

cessful applications of Rex Roller Chains at greater loads 


and speeds than previously considered practical 


For all the facts and your copy of the new horsepower 
ratings, write CHAIN Belt Company, 4715 W. Greer 
field Ave., Milwaukee 1, Wis. In Canada: CHAIN Be 


(Canada) Ltd., 1181 Sheppard Ave. East, Toronto. 


CHAIN BELT COMPANY 
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THIS PIECE OF 
KENNAMETAL" 
REDUCES NOZZLE 
COST 90% 


A can manufacturer replaced stain 
less steel nozzles with Kennametal 
tungsten carbide nozzles in a can 
lid sealing operation and gained 
these results: increased nozzle life 
18 to-1 increased pressure from 
55 to 105 psi. . . improved quality 
ind coverage of seal reduced 
nozzle cost 90°, 

Kennametal carbides have many 
properties for many applications 
including some that may be the 
answer to your requirements 


PROPERTIES: Kennametal hard 
carbide alloys have high hardness; 
resistance to abrasion from 10 to 
100 times greater than steel; high 
resistance to corrosion; high tor 

sional, compressive, and tensile 
strengths; extremely high YME, 
up to 94 million psi compared to 
steel’s 30 million psi. Kentanium 

titanium carbides have similar 
properties plus light weight; resist 
ance to oxidation at temperatures 
of 2200°F. and above; and highest 
‘ tiffness-to-weight ratio of any met 
al or alloy 


APPLICATIONS: Booklet B-666, 
“Proven Uses of Kennametal and 
Kentanium”’ describes 80 different 
ipplications of these hard carbide 
illoys. Write KENNAMETAL 
INC., Dept. PE3, Latrobe, Pa 
*Trademark 


in usTRY AND 


(ENN, AMETAL 
Poitnors in Progress 
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Coffee break for care-worn motorist 


\ pushbutton coffec dispenser specih 
designed for installation in motels—to pr 
vide free coffee on an instant basis—is the 
latest innovation for the travel-weary. Th 
self-contained unit requires no plumbing 
connections (just fill the tank with w 
and lock it), operates on 100-v ac cur 
Coffee, cream, and sugar packets ar 
vided in sealed cups. The dispenser 

4 cups of water, has a 600-watt he 
element, weighs Ib complete. C 
Products of San Diego makes it. Kaiser S 
publi n editor Gene Drossel found 


ph tographed it 


Over the hump with Pythagoras and Euclid 
\n attractive series of booklets, originall: 


designed to help teacher 
mathematics, not just as numbers and formulas. but as a wav of thinkit g 
1 tool for discovery, is now available to help you tutor your children i 
yeometry, network theory, and the laws of chance Fach bookl 
proposed series of 12 have so far been published) is 40 t 
paperbound, 6 by 9 in., and priced in the 50¢ to 65¢ 1 ¢ 
litles now availabl Invitation to Mathen polog Ihe 

lheorem; Sets, Sentences, and Operatio1 nderstanding Num 
tems; Number Patterns: Fun With Mat} ming up: Uh 
Statistics; Shortcuts in (¢ omputing; Th f Measurement 
n Graphing; All About ¢ ymputing D tblis] \ 


! 
ing ¢ 1154 R St. St. Louis 


To manipulate your mail 


A letter opener that act like 
ir-operated hole-puncher, and a 
postage meter that’s claimed to b 
the first to print directly on am 
ize envelope or package,” are 
umong the latest laborsavers for th 
fice 
lhe lett pen 
elope when you push 
spring-held bar Mad 
Canaan Engineering Co, 
ible in SCVCI 
vithout desk 
ire $21.95 and 
The postage met eC 
features an automatic inking 1 
anism and is adaptable for 
BANTAM POSTAGE METER weighs 


ens only 5 lb, can print directly ackages 
I'cle-Norm (¢ Tp make 5 psig th: asks - ae a Sore 


: , ; 
ua ry clectric-dri tt 


fs as letters, Tele-Norm says 
it for $8.50 a month 


Also available, fo 
handle weights to 
Ph ladelphia +] 
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SPECIAL QUALITY STEELS AVAILABLE AT STANDARD 


One of the largest vacuum arc remelt furnaces in 
the country the first of four to be installed—is 
now in operation at Standard Steel Works Division 
of Baldwin-Lima-Hamilton Corp. This new facil- 
ity, together with electric melting furnace and vac- 
uum degassing equipment acquired recently, now 
makes it possible for Standard to deliver “labora- 
tory-quality”’ steels in production quantity. 


Standard is now capable of producing vacuum 


remelt quality ingots, up to 30-inch diameter, it 
all of the super-strength steels and special alloys re- 
quiring exceptional quality. Standard continues to 
offer superior service and superior materials to 
American industry. We especially welcome forging 
and ring inquiries for tools, missiles, turbines, 
bearings and similar applications for 


super-strengt h, heat-resistant, corrosion-resistant 


and other special alloys 


Standard Steel Works Division 


BALUDWVIN - LIMA 


BURNHAM, PENNSYLVANIA 


eh 
HAMILTON (Pua) 


Rings e Shafts e Car wheels ¢ Gear bianks « Flanges ¢ Special shap Se SI 
Sry 











Every Hour M. S. Little Brass Goods Company 
Makes 650 Appliance Fittings Better 


With HANDY & HARMAN SILVER BRAZING 


Rotating jig showing mounted assemblies entering and leaving gas-air furnace. 


This Hartford, Connecticut, company makes—in volume —an assembly that goes into 
the overflow system of household appliances. The assembly consists of brass tubing and 
a machined brass casting. The two components are joined by a preplaced ring of 
Handy & Harman Easy-FLo 45 silver brazing alloy and HANDY FLux. Heating is auto- 
matic gas-air; parts are placed on a rotating turntable to pass through the gas furnace. 
Every 60 working minutes, 650 assemblies are completed. 

The advantages here are that the manufacturer can use thin-walled tubing with 
heavier, threaded components at no sacrifice in strength. Because of Easy-FLo’s 
penetrating qualities, the entire shear area is fully as strong as the solid parts of the 
assembly, yet considerably lighter. And, casting and machining the components for this 
assembly have been greatly simplified. 

Are you in pursuit of a metal-joining method which offers—among other advantages 
~—high, uninterrupted production at low capital investment? You may easily find the 
answer in Handy & Harman silver brazing. Hundreds of manufacturers and fabricators 
of as many different products, parts and components are right now enjoying the speed, 
economy, strength and flawlessness of brazing. You can too. Just ask Handy & Harman, 


Left— brazed assembly. Right— components “— . SE : 
with preform ring of EASY-FLO 45. 82 Fulton Street, New York 38, N. Y. 


FOR A GOOD START: Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 


Bridgeport, Conn 


BULLETIN 20 ' Chicago, tl 
This informative booklet gives a = omy peg 


good picture of silver brazing and Detroit Mich. - 
its benefits... includes details on ' Y New You RY. 
alloys, heating methods, joint de- —, HAN D & HARMAN Providence, R. 1. 
sign and production techniques. “i \ General Offices: 82 Fulton St., New York 38, N. Y. San Francisco, Calif 


: Montreal, Canada 
Write for your copy, \- DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canade 
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MEEP AHEAD WITH HAVEG 


PRECISION PLASTIC MOLDINGS 


“Haveg offers the most complete precision plastic molding facilities, 
experience and ‘know-how’ available anywhere.” 


» 














That's a strong statement but a very important one to 
remember in planning any type precision molding project. 
Haveg works with every known material to provide the 
most economical moldings . . . with properties necessary to 
meet the most rigid specifications. 


Today Haveg is literally making design dreams come true . . . 
through its extensive research and development 

laboratory facilities as well as the best quality control 
laboratory within the industry. 


Quality claims are made by many BUT Haveg and only 
Haveg provides the expert tool design and construction, 
equipment instrumentation, careful testing of incoming 
materials as well as many other specialized operations so 
necessary to assure highest quality precision moldings. 


Haveg is justifiably proud of its unsurpassed versatility in c 
facilities and engineering experience . . . we will be FIRST IM Engineered PLASTICS 
happy to put them at your disposal. Why not consult us 


on your next project . . . you'll find it pays to... TAUNTON DIVISION 
en ee ee HAVEG INDUSTRIES, INC. 


336 Weir Street + Taunton, Massachusetts 


Other Operating Divisions: Blow Molding Division — Bridgeport. Connecticut * Chemical Materials Division — Wilmington, Delaware » HMeveg Corporation — Wilmington, Deleware 
Products C: 


Reinhold Engineering & Plastics Co.. inc. — Norwalk. California + American Super-Tempersture Wires, inc. — Burlington. Vermont + 





poration — Rio Predras. Puerto Rico 
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* MCGILL bearings 
in record-breaking 
_ MERCURY outboard 
‘ motors 
Hydroplane speeds averaging 
over 107 miles per hour, run- 
about endurance runs of 50,000 
miles in 68 days and outstanding 
power exhibitions by Mercury 
outboard motors are a true test 
of component performance. 
MCGILL split center main bearing 
sleeves are used in 60-80 horse- 
power six cylinder Mercury out- 
board motors and have played an 
important part in the high stand- 
ards of performance set by these 
motors. 


engineered ¢ lectrical prov luets 


MoGILE 


precision needle roller bearings 
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MSGI LL can solve your 


special purpose bearing problems 


You may have found that a special bearing is the only way to add 
anti-friction advantages to non-standard shaft and housing dimensional! 
combinations—perhaps a special type bearing incorporating odd shaped 
components or adjacent machine members will do the job best. Such 
special bearing design and production is part of everyday activity with 
MCGILL. So don’t design around a bearing barrier until you have con- 
sulted MCGILL creative engineering. They will welcome an opportunit) 


to make recommendations. 


FAWICK AIRFLEX DIVISION 
magnetic clutches employ 
McGILL special ball bearing 


A special MCGILL precision ball bearing was developed to meet the exact 

ing anti-friction requirements of the Fawick Stationary Field Magneti 
Clutch. This extremely narrow and thin section bearing of comparativel) 
large bore diameter is built to precision tolerances to accurately position 
and align all moving parts in relation to the stationary coil. Radial fit up 
is closely controlled to provide accuracy of magnetic flux air gaps 
Retainer is nonmagnetic. Fawick relies on the MCGILL bearing to facili 

tate the rapid and smooth response of the clutch even when operating at 


high cyclic rates. 


CAMROL” bearings protect reliability 
of IBM accounting machines 


MCGILL cF Series CAMROL bearing 
improve performance and provide 
an additional safety factor fo: 
greater reliability in IBM 407 Ac 
counting Machines. The CAMROI 
bearings are located on the card 
feed cam follower arms and they 
operate a pressure plate on th 
sensing unit of this high speed card 
feed. The 1BM 407 Accounting Ma 
chine combines outstanding arith- 
metic ability and printing at a speed 
of 150 lines per minute. 


Send for free copy of McGill Bearing Catalog No. 52-A 
PY y 


MULTIROL-GUIDEROL-CAMROL-CAGEROL 
McGILL MANUFACTURING CO., INC Bearing Division 
201 N. Lafayette Street, Valparaiso, Indiana 
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Better products through better methods and steels 


With Weirzin: easy fabrication of 
beautiful baseboard heating panels 
that last and last and last. 

This high quality electrolytic zinc- 
coated and bonderized steel sheet is 


produced to our customers’ require- 


ments for uniformity of gage, width 
and temper. This attention to quality 
along with the excellent corrosion re- 
sistance provided by the zinc coating 
puts Weirzin at the top of its category 
and around the bottom of an increas- 
ingly large number of commercial 
and residential interiors. 

There, these base- 
board heating panels pro- 
vide a functional border 
of beauty that requires little or no 
maintenance. The chemically treated 
surface holds the smoothest of paint 


he STEELMARK 
ts ve Ouy; Place 


” 
seli 


jobs and the tight zine steel bond 
eliminates all possibility of underfilm 
corrosion. Proof that despite the 
severe bending and forming it under- 
goes, Weirzin maintains a flawless 
bond between the zine coating and 
the steel sheet. 

Result? The fabricator enjoys the 
workability of a fine product and the 
ultimate consumer benefits from its 
serviceable beauty. And that’s true 
of any product made from Weirzin. 

Strong, smooth Weirzin electro- 

m lytic zinc-coated steel is 
manufactured by Weirton 

Steel Company. Its high 

quality is typical of the 

many other steels produced by Weirton 
and used throughout industry to im- 
prove products, methods and profits. 


WEIRTON STEEL 


Weirton, West Virginia 


| STEEL | 
crs 


Weirton Steel is a division of NATIONAL STEEL CORPORATION 


“ 





TORRINGTON 
THRUST 
BEARINGS 


Whatever your performance requirements, there’s a 
Torrington Thrust Bearing precision engineered to 
meet your needs. 

Cylindrical, self-aligning cylindrical, tapered... 
grooved race ball, angular contact ball or needle thrust 
—all are designed and manufactured to the highest 
Torrington standards for performance, reliability and 
long trouble-free service life. 

From the smallest to the largest—for power tools 
or giant radar installations—Torrington Thrust Bear- 
ings have the same unmatched precision quality built 
into every Torrington product. Depending on specific 
types and applications, they are available with a choice 
of bronze, steel or phenolic retainers. 

Whether your thrust application calls for a stand- 
ard bearing or one specially designed to meet unique 
conditions, you can rely on Torrington for a bearing 
that’s exactly right for the job. Contact Torrington— 
designers, engineers and manufacturers of every basic 
type of anti-friction bearing. 


progress through precision 


Torrington offers these basic types of thrust bearings. 


Self-aligning 


cylindrical roller 


SS EU TZ 


FZ ; > 
<<Z7 | A »> Needle Thrust 


TORRINGTON BEARINGS 





THE TORRINGTON COMPANY 
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South Bend 21, indiana, Torrington, Conn. 
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HIGH 


20-25 amperage rating for greater design flexi- 
bility .. . choice of 7, 14 or 20 way circuit blocks 


a ¥ Ai 
: x 
— woe oe 


2-5 pounds insertion and extraction force 
for easier installation and servicing. 


Ree 


NEW AMPEEZ CONNECTOR GIVES YOU BOTH 


Here is a workhorse of a connector! Housed in tough nylon and designed to carry 
as many as 20-circuits while holding insertion-extraction forces to 2-5 pounds, 
AMPEEZ Connectors are adaptable to many applications calling for a heavy-duty, 
easily serviced multiple-circuit disconnect. 

AMPEEZ Connectors will match your application needs perfectly . . . anything 
you call for up to 20-circuits and 25 amps. One other major feature! AMP’s exclu- 
sive Tab-Gap Lok assures a constant contact pressure even under the severest 
vibration conditions. 


Use AMPEEZ Connectors, eliminate the human error in individual connections . . . 
make them fast and safe. Send today for AMPEEZ Connector literature and sample 
of tab and receptacle with Tab-Gap Lok. 


ay = 
a eS uy ; 
5 —. . a Wer ; ” 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia + Canada + England + France « Holland « itely + Japan « West Germany 
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PRECISION PARTS GET TODAY’S 


GAGES — Superior wear resistance and other 
unique cost-saving advantages are exhibited by 
plug, ring, air, and specialty gages treated by 


AIRCRAFT VALVES 

Bearing surfaces of hot air valves used in the 
bleed air system of Lockheed’s F-104A Star- 
fighter must meet extreme conditions of wear 
and abrasion, also conditions of high unit 
loading and temperature extremes. Flame- 


Plating these surfaces with tungsten carbide 
solves the problem. 


40 


ALUMINUM ROCKER ARMS 

One side of the “fin” of this important item 
in an aircraft engine heater mechanism actu 
ates a lever and is subjected to severe wear. 
Before Flame-Plating, it lasted from 100 to 
300 hours. Coating the wearing surface with 


tungsten carbide boosted service life to more 
than 1000 hours. 


LINDE’s Flame-Plating. For example, Flame- 
Plated plug gages outwear solid carbide plug gages 
3-to-1, and hard chrome-plated gages 20-to-1. 


SEWING MACHINE FEED DOGS 


LINDE's Flame-Plating has increased by more 
than six times the service life of the movable, 
serrated part that pushes material through 
the sewing machine. In this application, a 
002-in. coating of tungsten carbide in as- 
coated condition provides both long wear and 
dependable gripping. 
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LONGEST SERVICE LIFE with 


Gages and other components achieve remarkable 
resistance to wear when coated with tungsten 
carbide and other materials by LINDE’s 
6,000-degree, supersonic “weld-on” process... 


NOW — many of the profit-consuming problems of metal wear and machine 
down-time have been eliminated. 

With LINDE’s Flame-Plating, gages, spindles, bushings, seals, mandrils, 
dies, core rods and other precision parts and components retain their preci- 
sion and close tolerances for the /ongest period of time—under the toughest 
conditions of abrasion, erosion, corrosion, and high-temperature wear. 

LINDE’s exclusive service coats base metals with particles of ultra-hard 
materials, such as tungsten carbide and aluminum oxide—heated to plasticity 
by 6,000 degrees F. inside the Flame-Plating gun and then successively 
“fired” at 2,500 fps at the “target area.” 

The result is a tenacious, “welded-on” coating of approximately 125 micro- 
inches rms, which can be finished to the desired microinches rms. 


NO WARPAGE—NO METALLURGICAL CHANGES 


Despite the 6,000-degree temperature within the Flame-Plating gun, the tem- 
perature of the precision part or product being coated remains below 250 
degrees F. This feature eliminates distortion and changes in the properties of 
base metals. Other features include low coefficient of friction and porosity of 
less than | per cent. 

Wherever continuing precision and optimum wear are important factors, 
LINDE’s revolutionary Flame-Plating gives amazingly longer service life . . . 
reduces production rejects . . . increases salvage value. 

Find out how this coating service offered by the Linde Company can save 
on operating costs, make a good product even better, and improve over-all 
reliability. LINDE will provide a complete engineering analysis. List your pos- 
sible applications in the coupon on the right and mail today for complete 
information. 


LINDE 
COMPANY 


Division of Union Carbide Corporation 


UNION 
CARBIDE 


LINDE and UNION CARBIDE 
are trade-marks of Union Carbide Corporation 
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TYPICAL 
FLAME-PLATING 
APPLICATIONS 


BEARINGS -- sieeve, roller, gas 

BLADES — aircraft turbine; doctor 
blades for papermaking 

BLOCKS — anvil 

BUSHINGS — bal! piston pump 

CHUCKS — seaming 

CUTLERY — household 

CUTTING, INDUSTRIAL — rubber, 
plastic, skiving knives, foods, 
paper, slitter knives, chipper 
knives, discontinuous 
chip-abrasive materials 

DIES, TOOLING — cold-forming; coring 
punches, core rods, sizing 
punches, capstans 

DOGS — sewing machine feed; 
gripping dogs 

DRILLS — paper, acoustical tile, twist 

GAGES — plug, ring, air 

GUIDES — wire, textile, machine 

HYDRAULICS — pistons, liners, vaive 
plates, wobble pilates, metering 
vaives, servo valves, slippers 

MANDRILS -— wire-forming 

PARTS — sintered 

PISTON RINGS 

PLATES — vaive, wear 

SEALS — turbine engine, pump 

SURGICAL — needle holders and shears 

VALVES — aircraft 


Linde Company, Flame-Plating re 
270 Park Avenue 
New York 17, New York 


I am interested in Flame-Plating for the 
following application(s): 


NAME 
COMPANY 


ADDRESS 
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for a quality product 


use a quality “O” ring 


be safe with 


O” Rings are engineered specifically 
for your product! They're made to do the job better 
longer. They meet all military and commercial 
specifications. Precision ‘O 
by over 100 inspections and quality control tests 
There's a size and compound to meet YOUR requirements 


Precision-made! 


"recision Rubber Products Corporation 
“O” Ring and Dyna-seal Specialists 


Dept. 3, Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 


42 CIRCLE 42 ON READER SERVICE CARD CIRCLE 43 ON READER SERVICE CARD -> 








This mark tells you a product is made of modern, dependable Stee 





Seamless Steel Tubing comes in almost every shape and size 


that is, if it's USS National Seamless Mechanical Tubing. 


USS and Nat 


National Tube 
Division of 
United States Steel 


a Geneva Stee! Divisi 





There is only one ANGLgear... 


and it is made only by Airborne 


Quality of ANGLgear construction is evident in cutaway view. ANG| gear gives you all the 
features of other drives, plus greater hp range (‘4 to 5); permanent lubrication; and 
Conifiex* design gears for more even load distribution, reduced wear, quieter operation. 


ANGLgear — introduced in 1951— 
is the original standardized right- 
angle drive. It is also the No. 
| product in its field —in sales, 
availability, quality, performance. 
Witness the thousands of satisfied 
have bought 
ANGLgear to date — for applica- 
tions ranging from simple manual 
control of valves to classified 
installations aboard nuclear sub- 
marines. 


customers who 


In design and _ construction, 
ANGLgear has been refined to 
the point of being virtually fool- 
proof, provided it is not grossly 
Take a unit off the 
shelf, install it, run it-—-for years 


overloaded 


Trademark of the Gleason Works 


And attention is seldom required 

Besides being maintenance- 
free, ANGLgear is also easy to 
design into your power transmis- 
sion systems because of its univer- 
sal mounting feature. And it 
invariably costs less than other 
types of drives. ANGLgear is 
distributed nationally and is avail- 
able immediately from local 
distributor stocks in the models 
listed here. Special sizes, special 
gear ratios, etc., can also be fur- 
nished. For complete engineering 
data, contact our local distributor. 
or write direct for new Catalog 
IA-58. ANGLgear design tem- 
plate kits are available on request 
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ANGLgear is available from local distributor stocks in 4 


sizes, 16 models, with various gearing and shaft options 





BASIC MODEL DATA 





Ultimate 
Static Torque 
ie. ia. 
Outpet Shaft 
250 
250 


sf 
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Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 


HILLSIDE 5, NEW JERSEY 
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HIGH DENSITY 


POLYETHYLENE 











PROFIT PARADE OYS : INFANTS’ FURNITURE 








TAKE A LOOK 
































ELECTRICAL PARTS APPLIANCES 


Wew Part Wolds the Line Agamst Rising Costs 


MV 


PACKAGING PRODUCTS VG EQUIPMENT 


Friction Problem 2 Ways 

















These products offer concrete evidence of manufacturers who have realized the profit-making 
opportunities to be found in high density polyethylene from W. R. Grace & Co. New products 
... better products . . . products that last longer . . . cost less to make . . . products with greater 
sales appeal . . . products that complete a product line—all can start with Grex High Density 
Polyethylene. If you have an application for high density polyethylene—or think you have— 


it will pay you to call Grace. Grex is the trademark for W. R. Grace & Co.'s Polyolefins 


w.re.GRACE «co.} ay 
CLIFTON, NEW JERSEY 


\ 
POLYMER CHEMICALS DIVISION \ 


\% 
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this R&M 
motor puts the 
"Drive" in 
IBM electric 


typewriters! 


Almost twelve years have elapsed since 
International Business Machines Cor- 
poration used its first RaM motor to 
power its electric typewriters. Since 
then R&M has supplied thousands upon 
thousands of these special motors for 
IBM’s world-wide typewriter trade. In 
order to meet varying electrical condi- 
tions the world over, they are now sup- 
plied in 21 different voltages and 
frequencies. 

IBM proposed strict requirements 
for powering their machine. The motor 
must have high starting torque for 
quick response . . . run very quietly 
. .. cooler than normal .. . fit a limited 


space ., . and have stamina to perform 
dependably year after year. Within a 
short period of time, R&M delivered 
specifications for the right design—a 
dynamically balanced motor that ful- 
filled all of IBM’s standards, including 
reliable operation that covers thousands 
of hours between check-ups. 

A lot of fingers have gone over the 
keys since R&M produced its first IBM 
typewriter motor, but we still subject 
each IBM power unit to 100% inspec- 
tion. Moreover, we constantly work 
with IBM—and all our customers —to 
improve our motors and to adapt them 
to the ever-changing requirements of 


customers’ products. 

R&M’s experience in custom-design- 
ing motors for hundreds of products, 
and our facilities to produce a design 
at low cost, are at your service. Per- 
haps your problem can be met with a 
standard “off-the-shelf” power unit. If 
so, we'll tell you . . . and recommend 
the right R&M motor for the job. For 
power by either custom or standard 
fractional HP motors .. . and perform- 
ance that will give you a big competi- 
tive advantage . . . get in touch with 
Robbins & Myers today! Write for Bul- 
letin No. 450-PRE 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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MOTORS 1/200 thru 1 HP 





At left, Retractable Capstan Motor... 
shaft of this special RaM fractional HP 
motor rotates and also moves axially. 
Manufactured for IBM's 727 Magnetic 
Tape Unit. 


At right, Standard Fractional HP Motors 
a wide range of types, sizes and mount- 

ings for DC, single or polyphase AC; all 

standard voltages and frequencies 


At left, Standard Universal Motors .. . 
ratings from Y%o to % HP. Choice of end, 
pad or foot mountings to permit design 
versatility. Custom designs also available. 


At right, Series Motor Parts . . . precision- 
made series, universal or polyphase high- 
cycle motor parts. All types and sizes 
engineered to your requirements. 
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ACIPCO CERAM-SPUN 
Steel tubing available 
from 2.25” to 50” 0.D.... 
wall thicknesses from 
.20” to 8”... lengths 
from 4’ to 20’ 


Longer lengths can 
be made by welding 


The bigger your tubular steel problem — the better 


we like it! Why? Because with all our modern facil- VERSATILE ACIPCO 
5 CENTRIFUGALLY SPUN STEEL TUBES 
ities “under one roof,” we are completely equipped cent MNES: “Tubes ere peotuned tx tenainn tom 
° . ° 4’ to 20’; longer lengths are made by welding. O.D.'s 
to handle a variety of difficult jobs — expertly and from 2.25” to 50” — wall thicknesses from .25” to 8 


ANALYSES: All alloy grades in steel and cast iron 
including heat and corrosion resistant stainless steels, 
plain carbon steel and sf al non-standard analyses 


economically! For expert consultation on centrif- 


ugally spun tube applications in your field... call 
P : FINISHES: As cast, rough machined, or finish ma- 


on ACIPCO. chined, including honing and grinding. Complete weld- 


ing and machine »op facilities are available 


Write for FREE Le a 
rite for FREE 


Illustrated Catalog. | SPECIAL PRODU CTS 


AMERICAN CAST IRON PIPE CO. 
ZzBIRMINGHAM «+ ALABAMA 
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Right-Angle Gearing at Work 
rti-Sea motor tt which prevents the lubricatin 
All wearing and brittle parts of conventiona eals have | 
ited, bringing /eakproof operation to gearmotors tor roll table and heavy-duty conveyor 
Ask your Mr. Westinghouse for a copy of our new four-page booklet on f 


rs (B-7998) or write: Westinghouse Electric Corporation, P.O. Box 868. Pittsburgh 30, Pa 


Westinghouse 


PICK 


FROM 
THIS 
PROTECTED 


TYPE JP 
Explosion 
proof 


TYPE EP 
Standard 
TEFC 


Here’s a power-packed pair of Wagner® totally-enclosed fan-cooled 
motors —-Type EP, standard, protected against damage from dust, 
abrasive, fumes, steel chips or filings; and Type JP, explosion-proof, 

for safe use in specified hazardous locations. 

They’ll keep your production rates up, delivering full rated horsepower 
under the toughest conditions . . . staying on the job with dependable, 
continuous service that means peak output. They’re the perfect 

pick, for individual machines or for automated lines. 

In the design illustrated, these motors are built in ratings through 100 hp 
in NEMA frame sizes 182-445U. Let your Wagner Sales Engineer show 
you how this protected pair (or larger Wagner enclosed motors through 
500 hp) gets the job done. Call him, or write us for Bulletin MU-224. 


Wasner Electric Corporation 


6406 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


HEAVY-DUTY BALL BEARINGS ...The bali BEARINGS CAN BE RELUBRICATED... SECURELY SEALED FOR LOW MAINTE- 
bearings used in these motors are of the Factory lubrication will last for many years NANCE...Both ends of these motors have 
highest quality, with more than ample under normal service, but openings are running shaft seals to keep the bearings 
capacity to provide long, troublefree serv- provided to permit relubrication that adds clean. Bearing housings are effectively 


ice under heavy loads. 


years to motor life under severe conditions. sealed to prevent escape of grease. 
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Cambridge COLLAPSIBLE METAL-MESH 


CONVEYOR BELT GIVES INSTANT SANITIZING 
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WHERE CAN YOU IMPROVE OPERATIONS WITH THIS UNIQUE BELT? 


The new Cambridge Collapsible metal-mesh conveyor 
Belt is designed so that each component part separates 
completely when the belt is slackened, allowing bacte- 
ria producing particles, oils, greases or other foreign 
matter to be easily and quickly flushed away. Originally 
designed for the food industry, this new belt is now 
helping processors meet rigid sanitation requirements, 


improve product quality and cut 
down time. 

Perhaps the Collapsible Belt can be used in the 
equipment you are designing—for instance, to prevent 
contamination of chemicals or man-made products, or 
any application where quick, thorough cleaning of the 
processing belt is desirable. 


maintenance and 








The Cambridge Collapsible Belt is 
available in any length or width in the 
Balanced Weave, woven from any 
metal or alloy, including stainless 
steel. Get the full story today. Contact 
your Cambridge Field Engineer or use 
the coupon to get complete details. 


*Patenta Pending 


CAMBRIDGE WIRE CLOTH CO 
Department P, Cambridge 11, Maryland 


Please rush me information on the new 
Cambridge Collapsible Belt. 


(Application — please indicate 
Name Title 
Company 


Address 


City- 
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Engineered by Tinnerman... | 


SPEED CLIP’ replaces three parts on table-slide 


... rate of assembly increased by 50%! 


New all-steel nonbinding tions of Speep Nut Brand Fasteners bringing 
slides made by Watertown similar benefits to manufacturers everywhere. He 
Table-Slide Company are can also arrange for a FASTENING ANALYsIS of your 
now assembled faster, better! product. This no-charge service has saved industry 
One Tinnerman Speep C.ip millions of dollars. Why not see what it can do for 
replaces three separate parts you? Tell us when you would like to have him call 
used in earlier designs and TINNERMAN PRODUCTS, INC. 
produces double-header sav Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 
ings for Watertown. 
This special spring steel 

Speep Cur holds the slides together firmly, yet lets . l N N 1 R M A N 

them slide easily without binding. One quick stroke 

with an ordinary mallet seats and locks the SPEED 

Cup in place. Long service life without loosening 

or sagging is assured. 


Savings and assembly advantages like these 
are possible on your product too. Call in your 
Tinnerman representative and let him show you 
how. He can acquaint you with the 10,000 varia 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A. 3 rue Salomon de Rothschild, Suresnes (Seine) GERMANY Mecane Bundy Gmbil, Heidelberg 
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the mark of Cain 


+} ; ; ° 
fety stop 


: , 
st where does a man’s moral responsibility for anoth 


laws that spell out the limits for industry, but at home or on 


Ther are 
He « ou ind injure or 
—— 


the highway every man is his own master 
kill himself with any mechanism he wishes to use r\ wer tool 


eh ( He takes his own chance freedom 


i motive powered 
nm if it 1S the de igi th it fault 


“And it came to pass, when they were in the field, 
that Cain rose up against Abel his brother, and slew him.” 


mortgagee with a 40-ft-square plot of gr 


indicate that 12,000 injuries wer 
this year’s figure will be up 15% But 


+] lente wer . 1] faulty d - 
r the accidents were caused Dy ity design 


And the Lord said unto Cain, “Where is Abel thy brother?” 


And he said, “I know not: Am I my brother's keeper?” 


; 


Statistics indi hat each year autos ki 
n the Korean “police ion.” We're much 
till pop open at the slightest 


n Cars Still } 
are still hazards to the driver, as the “evelids” and other excrescence 
car front endanger pedestrians. And brakes have not been rede 


to match the higher speeds and heavier weights they 
Coupled with the man-on-horseback recklessness 


river, Our cars are Juggernauts 
Cornell and other colleges have pointed the way to safer 
National Safety Council has collected shocking statistics and data 
even made tentative design changes and based a sales program on 
It didn’t sell. There are no laws as stringent as those coveri1 
design, so why worry? The buver may take his own chances, 
pedestrian That’s freedom. 


i 


ind He said, “What hast thou done? the voice of thy 
brother’s blood crieth unto me from the ground:” .. . And 


the Lord set a mark upon Cain. 
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LAMINAC 


Ease of fabrication in unusual shapes Corrosion-resistance High strength with low 


weight Excellent electrical properties Low tooling costs Below are just a few of the 


22 standard formulations of Laminac" Polyester Resins. Reinforced plastics with Laminac have 


been replacing wood and steel in countless areas since 1942 


when American Cyanamid 


pioneered the reinforced plastics field. Whatever your needs, there is a formulation of versatile 


Laminac specially compounded to solve your problems. For more information, write us today. 


LAMINAC 4107. Outstanding 
chemical-resistant resin; high 
reactivity; suitable for compres- 
sion molding; especially suited 
for chemical tanks, exhaust 
systems and other equipment 


ee 


ete 
< YAN ARIA I I 
— — 


South Cherry Street, 
MINNEAPOLIS «+ 


Wallingford, Conn 
NEW YORK + OAKLAND + 


LAMINAC 4103. Medium reac- 
tive resilient resin for craze- 
free moldings; ideal for molded 
parts required to withstand 


as auto bodies,carrying cases. 


AMERICAN 


PHILADELPHIA + ST. LOUIS 
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= PLASTICS AND 
OFFICES IN: BOSTON + CHARLOTTE + CHICAGO - 
* SEATTLE - 


LAMINAC 4152. An outstanding 
resin for spray gun applications; 
rapid cure; unexcelled strength 
properties in laminates with 
chopped glass fibers; for use in 
boats, swimming pools, other 
large structures. 


YANAMID COMPANY 
RESINS DIVISION 


CINCINNATI + 
IN CANADA: 


CLEVELAND «+ 
CYANAMID OF CANADA LIMITED, MONTREAL - 


LAMINAC 4128. Highly reactive, 
heat-resistant resin for hand 
lay-up or compression molding; 
exceptional strength in lami- 
nates; qualified for military 
specification MIL-R-7575A; ideal 
for glass preform binders; for 
ducts, fuel tanks, storage tanks, 
erat pats. | 
DALLAS + DETROIT - LOS ANGELES 
TORONTO 
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WHICH 
RIGHT-ANGLE GEAR SYSTEM? 


ete 2 Oo) > ) SS law a 
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SPECIAL REPORT 


Your guide to the 16 types that are now available. The 


authors discuss basic differences, then compare 


on the basis of power, efficiency, speed, ratio range 


and mounting sensitivity 


to help you choose the best 


gear system for your application. 


ABOUT THE AUTHORS 


Darle Dudley, well known for his book 
Practical Gear Design, published by 
McGraw-Hill, is editor-in-chief of the forth- 
coming McGrow-Hill Geor Handbook 
which brings together contributions from 
numerous sources in the gear industry. He 
is chairman of the AGMA Aerospace 
Gearing Committee, and recently received 
the Edward P Connell award “in recogni- 
tion for his many and valuable contribu- 
tions to the work of AGMA, of his service 
to the gear industry, and as an avuthorita- 
tive author of georing literature.” 

Dick Bryant, a cum laude graduate from 
Tufts University, has done design appraisals 
on projects such as VTOL, STOL, helicopter, 
rocket and special amphibious-vehicle 
transmission systems. Several of these 
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tT), re ar separate and distinct type f night 


i 
ingle g¢ rives, each with its own advantages and 


mitation his means that choice of the best type for 


1 given job involves many considerations. What is 
ptimum for one application most likely will not be 
optimum for another. For example, hypoid gearing is 
the almost universal choice for automotive rear-end 
drives because offset of the pinion eenterline allows a 
low floor in the car. Also these gears are quiet, efficient, 
ind can carry large amounts of power. But hypoid 
would not necessarily be the wisest choice for a hand- 
operated drill where it would be difficult to control the 
locating dimensions of the gears, and where capacity 
ind efficiency are not so important. 

his article compares the 16 systems on the basis of 


power, efficiency, speed, ratio range, and mounting 


55 





RIGHT-ANGLE GEARS .. . COPLANAR TYPE 


1 sTRAIGHT BEVEL 


epower rati nanufacturing method 


A LOOX AT THE RIGHT-ANGLE SYSTEMS 


Iwo genet i] 
gvear®rs 

Coplanar types, whi intersecting axes 
th category are the 


ni l-gear systems—straight bevel 
Coniflex bevel, Zerol bevel, spiral-bevel and Revacycle 


evel. Two other systems with intersecting axes aré 


race ind Beveloid gears names 


capitalized indicat 
pI yprictary gear system 

Offset types, which have nonintersecting o1 skew axes 
their axes do not lie in a common plane). In this cate 
gory are the crossed-helical, cylindrical-worm, Con 
Drive, hypoid, Spiroid, Planoid and Helicon. With 
proper design, face and Beveloid gears can also be em 
ployed as offset gears 


Each gear system is distinctive in the kind of manu 
facturing equipment required to make it and selection 
will depend on efficiency characteristics, mounting rr 
quirements, load-carrying capacity and availability of 


2 cCONIFLEX BEVEL 


4 ZEROL BEVEL 


manufacturing 
not import int 


matical the 


math« 


1 


ingie geal 
Straight-bevel gears 


The blanks are conical for 


. 
form approximat in involute in the norma! 


Ihe teeth taper. The cutting t 


rack having straight teeth 


ool repre sent 


These gears are the simvlest and most 
used form of bevel gearing. The 


commonly 
machines to generat 
them, and more recently to grind them, were developed 
by the Gleason Works, Rochester, NY. More recent 
Gleason introductions are the Coniflex and the Reva 
cycle bevel gears. Both are straight-bevel type with 
localized tooth contact produced by slightly relieving 
the ends of the teeth. They have the advantage of 
better ability to withstand small gear-mounting errors, 
or deflections under load, without unduly overloading 
the ends of the teeth (which may result in breakage) 


All straight-bevel gears produced on recent Gleason 


machines are Coniflex. Revacycle gears are made on 
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5S REVACYCLE BEVEL 


} 
lai Ina 


plication 
Spiral bevels, Zerol bevels, hypoids 


These gears are cut on conical blanks. ‘Teeth of both 


members ar¢ utting tool presents a 
1 | 
Spiral-bevel teeth 


curved 


crown rack rved tooth 
lave a slope l I ical gear erol teeth 
with a zero slope midpoi e width. Hypoid 
gears have the axe similar to 
spiral-bevel gears 

Generally, the gear member o pail made first 
ind the pinion member hen < » match. The 
tooth form in the r Y proaches that of 


in involute 


Spiral-bevel gears hia ction than 


straight bevels becau lengthwis 


curvature and are cut n angle to the gear axis 
Zerol-bevel gears avoid the over! tooth action 
of spiral bevel gears 1 ie Zer piral angle 
(‘his also eliminates some of I reaction on th 
mounting bearing. Bear not depend on 
direction of rotation d the gears be mounted 


interchangeably in the same mounting structure used 


to support stt uight-bevel gear 


Hypoid gears grew out of the automobile industry's 
need for a silent rear-end drive which would allow the 
driveshaft to be below the centerline of the rear axle. 
Special high-ratio hypoid gears are available for ratios 


above 10:1. These offer the advantage that both mem 


bers can be ground, providing maximum accuracy. 


Face gears 


Here the pinion is a normal involute-toothed part 
I | 


The gear has teeth cut on the end face of the blank 
by a cutting tool that is an exact duplicate of the pinion 

Face gears can be designed to mesh either “on 
center” (axis of the pinion lies in the same plane as 
the axis of the gear) or “off center” (pinion axis is 
offset, much as a hypoid pinion is offset). Because the 
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G Face GEARS 


7 BEVELOID 


m of the face-gear s¢ mply a ear, in 


method 


be produced by any of the standard 


+} 


uch as hobbing, shaping, Yr grinding lso, the axial 


cation of the pinion is not critical, wl 


sim pine 
] ] 1) 
nounting Face gears were developed by e Fellows 


Gear Shaper Co, Springfield, Vt 
Beveloid gears 


Beveloid gears are 


tooth thickness, root and 


tapered 


(he appearance is much like a straight-bey 
ry transverse section represents a 
rear will mesh proper! 


ins that a Beveloid 
‘ther involute gear derived from the 
In right-angle gear svstems, the Be 
four major advantages 
1—Mounting dimensions are not c 
lhe two gears do not require a common 
Beveloid gears are individually 
without lapping or matching 
4+—Backlash can be controlled 


] 
a continued, next page 


eliminated 





RIGHT-ANGLE GEARS ... OFFSET TYPE 


8 crossed HELICAL 


Py . 


10 cone vRive 


Crossed-helical gears 


Both members are involute helicoids made on cylin 
drical blanks. The teeth do not taper. One main ad 
vantage is mounting ease. Crossed-helical gears are 
not sensitive to axial movement of either member or 
to small changes in shaft angle or center distance. Low 
cost is another advantage—either member can be made 
by any of the methods for ordinary helical gears. 

rhe teeth mesh is a point of contact, which limits the 
load that can be transmitted. However, this changes 
to line contact as the gears wear in 


Cylindrical-worm gears 


ve his system employs a single-enveloping worm that 

12 orFser FACE GEAR resembles a threaded screw; the thread is either straight- 

sided or slightly curved by action of the straight-sided 

cutter that makes the worm (a worm employing an 

Low power capacity of a pair of Beveloid gears is involute tooth form is made by De Laval Holroyd 

the major limitation. This is because point contact is Co). The gear is hobbed on a “throated” cylindrical 

produced on the meshing surfaces. Another limitation blank, with a hob that is an exact duplicate of the 

is undercutting when small numbers of teeth or large worm. The gear teeth are curved and each end of the 
cone angles are used. tooth is thicker than the middle. 
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: iq é Mee 


ye 


14 p.anow 
13 spiroiw 


id-carrying ca 

han the crossed-heli tvpe because line con 

produced inst f poil ontact. However, 

mounting dimensions ar re critical because the 

throated member must | positioned to wrap properly 
round the pinion 


Cone-drive or double-enveloping worm gears 


The worm has an hour-glass shape and is cut by a 
straight-sided cutter representing the central plane of 1S wericon 
the gear. The gear, i rm, is hobbed by a hob that is 
an exact duplicate of the worm 
Because both worm and worm wheel are throated to 
other 


wrap around each more tooth surface is in con- 


« 


ddd Hee eS 


tact at any instant. This incre ; the load capacity but 
| 
lso increases the rat which heat is generated. All 


mounting dimensions of a double-enveloping worm 


ld because the axial locations 


f both members are c1 il along with center distances 


drive must be accurately 


ind shaft angles 
Spiroid gears 
The pinion of this screw thread on a 
tapered blank. The tl C1 ly a straight-sided 
V”’. The gear is y pe! ob that is an exact 
duplicate of the pinior eal h are cut on a sloping 
end-face of the blank 
Spiroid gears are relatively ne\ trade, but have 
16 orrser sEveLoiw 
found wide usage i igh- and medium-ratio applica 
; 


tions, and where bacl rol is important 


Planoid gears 


The Planoid gear has straight-sided teeth cut on a 
sloping end-face of the gear blank. The teeth taper 
rhe pinion is cut by a cutter that duplicates the gear r in pinion 
Planoid gears are employed for low-ratio applications manufactured for lower ratios 


} 


ip to 8:1. They are relatively new in the field. COMPARISON—OPERATING CHARACTERISTICS 
Helicon gears lable I, next page, compares gear system 


+ + 


The pinion has a screw thread on a cylindrical blank ) to 


[he gear is cut by a hob that duplicates the pinion inge, maximum 
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Table 1—Characteristics of the 16 Right-angle Gear Systems 





Type 


Power-to- 
Weight Ratio 


Efficiency 
Range 


Maximum Pitch Line 
Velocity, ft/min. 


Maximum 


Ratio Hp +— —- 
Commercial Aircraft 


—E 


Range (per mesh) 











Coplanar 


1-Straight bevel | 
2-Conifiex ' bevel | 


3-Spiral bevel 
4-Lerol' bevel 
5—Revacycle' bevel 
6-Face gear 


7—Beveloid ? 


Medium High 


Very High 
High 

High 

Medium High 


Low 


1:1 to 8:1 


1:1 to 8:1 


1:1 to 8:1 


1:1 to 8:1 


to 8:1 


to 8:1 








8—Crossed helical 
9—Cylindrical worm 
10—Cone-Drive ' 
11—Hypoid, 

Low ratio 

High ratio 
12-Face Gear 
13—Spiroid ‘ 
14—Planoid ‘ 


15—Helicon * 


16—Beveloid ’ 


Low 
Medium High 
Medium High 
High 
Medium High 
Medium High 
Medium High 
High 
Medium High 


Low 


to 100:1 


to 100:1 


to 100:1 


1:1 to 10:1 


10:1 to 50:1 


3:1 to 8:1 


9:1 to 100:1 


to 8:1 


to 100:1 


to 8:1 


Registered Tradenames: 


1Zerol, Coniflex and Revacycle 
igan Tool Co 


Gleason Works, Rochester 


Detroit; ‘*Spiroid, on and Planoid 


type of contact and mounting sensitivity. All are nomi 
nal values which can be exceeded at times by special 
design. These values, as in later tables, have been cal 
culated by the use of AGMA standards where available, 
gear-manufacturers’ data, and test data and engineering 
nalyses compiled at the General Electric Co. Thu 
the values are guideposts representing the judgment of 
the authors rather than fixed values in the gear trad 

For example, a few worm gears for aircraft have been 
built with pitch-line speed above 20,000 ft/min. But 
these jobs have been critical on accuracy, surface finish 
Hence, 10,000 


nominal upper limit 


ind lubrication ft/min. is a good 


Sensitivity in mounting 


When gears are mounted they may have to be set 
precisely in one or more of the following direction 


¢In direction of pinion axis 
eIn direction of gear axis 


¢In direction perpendicular to both axes 


In addition it may be critical to have the axes exactly 
it 90° to each other. 

When a gear is “critical” in a mounting direction 
the part generally has to be within 0.001 in. or less 
of true location. When a gear is not critical, errors in 
mounting of the order of 0.010 in. or more have usu 
ally only a negligible effect on gear tooth action. If 
errors in mounting between 0.001 and 0.010 can be 
tolerated, the gear may be called “sensitive.” 

he crossed-helical gear is often picked for low-herse 
power jobs because it is quite insensitive to mounting 
errors. Beveloid gears are another type with low sensi 
tivity. The face gear is critical only in one mounting 
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Mounting Sensitivity 





Critical in 3 directions 


Critical in 3 directions 


Critical in 3 directions 


Critical in 3 directions 


Critical in 1 direction 


Not critical 





Point Not critical 
Line Sensitive in 2 directions 


Line or area Critical in 3 directions 


Critical in 3 directions 
Same 


Critical in 2 directions 
Critical in 2 directions 
Critical in 3 directions 
Critical in 2 directions 


Not Critical 


direction and this is often an important consideration in 


choosing it over another type 
Power characteristics 


rhe power a gear set can transmit depends on its 
ratio, speed, size, hardness of material. and quality 
Even when the designer wants the most power and will 
consider any size, ratio or kind of material there is a 
fairly well-defined upper limit of horsepower for each 
gear type. The upper limit is set by limitations in 
available manufacturing equipment, pitch-line velocity 
ind lubrication problems 

Table I can be used as a guide on power ¢ ipabilities 
If a gear system must handle 2000 hp, the table shows 
that a crossed-helical gear would be out of the question 
and that a spiral bevel could undoubtedly be designed 
to do the job. This much horsepower is also too high 
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Table 2—Power Capacity of Straight- or 
Zerol-bevel Gears 
(For case-carburized pinion and gear, 55 RC min, pitch-line speed not over 


1000 fpm; 20° pressure angle, full-depth tooth; theoretical face width not 
to exceed 0.28 cone distance) 





Pinion| Gear Rpm of pinion 
pitch | pitch 
dia, dia, 100 | 720 | 1750 | 3600 

in. in. . . — 
Hp at different pinion speeds 


094 611 | 1.34 | 2.38 
156 | 1.01 | 2.22 | 3.95 
277 | 1.80 | 3.96 | 7.04 
334 18 | 4.78 


523 14 | 6.73 
864 18 11.1 
54 24 | 19.8 
86 1 | 23.9 


2.93 

4.85 

8.4) 
10.0 
16.7 
26.5 
36.2 



































Table 3—Power Capacity of 
Spiral-bevel Gears 


(For case-carburized pinion and gear, 55 RC min; pitch-line speed not over 
4000 fpm; 20° pressure angle, full-depth tooth; 35° spiral angle; theoretical 
face-width not to exceed 0.30 cone distance; face-width rounded to necrest 
lower 1/32 in.) 





Pinion Num- Rpm of p nion 
Ratio, pitch ber 
mi dia, pinion 100 | 720 | 1750 3600 
in. ° teeth 


| 
Hp at different pinion speeds 


10,000 


0.139,0.906) 1.99 7.73 
0.239) 1.55) 3.41 13.3 
0.501) 3.26) 7.15 27.8 
0.598) 3.89) 8.54) 15 30.4 


ooo°o 


0.725) 4.35) 9.32 
1.21) 7.28) 15.6 
2.50) 15.0] 32.2 
13.3) 18.8] 40.2 


ooo°o 


4.11} 22.6) 41.9 
7.23) 39.8) 73.8 
13.4) 73.8) 137 
16.0) 88.1] 163 


oocoo 


24.4) 120.) 225 
42.5) 209.) 393 
56.8) 280.| 525 


ooo 
































worm gears to handle substantially more 


than si 


r or Cone-Drive. Spiral bevels are being 
msidered on so | jobs up to 20,000 horse 


wer, although the table shows a nominal upper limit 


f 5000 hp for spi il bevels. It is also possible to build 


i 
horsepower 
hown in the table 


Nominal power capabilities of right-angle gears, based 
I | 








and speeds, are given 
in Tables 2 to 8. The range shown is within the ca- 
pability of the gear type, but generally the gears can 
be used over broader ranges of ratio, size and load. 
The tables give the general trend of rating practice for 
a gear type rather than a complete listing. 


ranges of ratio SIZES 


Values are for normal industrial practice with gears 
made to If the same-size 
made of the highest quality possible for air- 
craft practice, it is possible in many cases to go to horse 


1 good level of accuracy. 
gears ar 
power ratings two or three times greater. This is partic 
ularly true at the higher speeds. Industrial gears have 
their ratings reduced at higher speeds because of d\ 
namic tooth-loading effects 
iccurat 


Aircraft gears are extremely 
ind very lightweight for their size. They can 
carry almost the same tooth stresses at high speed as at 
Aircraft gears have very little derating for speed 

industrial gears usually are derated substantially 

gears were calculated for AGMA Class 1 service, 
somewhat for each type of gear. Gener- 
Class 1 is for about 10 hours’ continuous 


hich varies 
lly speaking 
service per day without recurrent shock loading (K, 
1). Starting torque is generally held to less than 300% 
if rated torque at full speed and full rated horsepower 
\ steam turbine driving a generator would normally 
be a good example of a shock-free drive. A piston engine 
geared to a rock crusher would represent a drive with 
a serious shock problem—it would probably be necessary 
to rate a gear drive at less than half of its Class 1 rating 
Tables 2 and 3 are for case-hardened bevel gears. 
Bevel gears of good alloy steel at a hardness level of 33 
to 38 Rockwell C (300 to 350 BHN) have ratings onl 
50% of those shown. 
lable 4 gives rating 


hardness. 


for face-gear sets of medium 
(he pinion of a face-gear set has about the 
same capacity per inch of face as the pinion of a 
spur-gear set. Face gears can be case-hardened but 
there is no equipment to grind them. In small sizes 
it is possible to hold the gear distortion to a low valuc 
If the face-gear set was case-carburized and had good 
accuracy, capacity would be 200% of that shown. 


Table 5 gives the nominal capacity of crossed-helical 
gears. Because these have a point contact they are 
rather sensitive to the method of breaking-in. The rat 
ings assume that load is applied gradually and the units 
are polished-in without any metal-pickup occurring 
The gears broaden their contact area as they wear and 
thereby reduce the stress in the contact area. Table 5 
is based on a case-hardened steel driver and a phosphor 
bronze-driven gear. No particular gain in capacity can 
be obtained by case-hardening both members. At slow 
speeds a gain in capacity (100% or more) can be had 
by making both members out of a good cast iron. Field 
xperience with cast iron crossed helicals has not been 
very good. 


ron and this can lead to an abrupt, premature failure 


There is a danger of sand inclusions in cast 


l'ables 6 and 7 show the capacity of worm gears 
‘able 6 is based on a hardened-stee] worm and centrif 
ugally cast phosphor bronze wheel, and Table 7 on 
1 hardened steel worm and chill-cast phosphor bronze 
wheel. Cast iron is sometimes used at slow speed 


62 


Power Capacity for 6 





Table 4—Straight-face Gears 


(For pinion of 300 BHN min and gear 255 BHN min) 





Pinion | Gear | Num- 
pitch pitch ber 
dia, dia, | pinion 

in. in. teeth 


Rpm of pinion 


.000 
400 


500} 20 
100} 22 
000} 24 
500} 30 
000} 36 
000} 36 


oo ea wn | 


000} 20 
800} 22 
000} 24 
000} 30 
000} 36 
000} 36 


N@osenh 


_ 


20 
22 
24 
30 


_ 
nN Owes 























Hp at different pinion speeds 


100 | 720 | 1750 | 3600 


440 
875 
00 
38 
92 


586 


72 
70 


84 
2 


77 
84 
34 
5 








Table 6—Cylindrical Worm Gearing 
(Sliding velocity not over 6000 fpm) 





tinal Worm| Effective 
Ratio,| dis- | pitch face 
me j|tence,| dia, width, 
in. in. in. 


Rpm of worm 


100 | 720 | 1750 | 3600 


0.825 


15/32 
1/2 
15/32 
15/32 
15/32 
7/8 
15/16 
15/16 
15/16 
15/16 
11/16 
13/16 
13/16 
13/16 
13/16 
1/8 


30 
20 
15 
10 
03 
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Hp at different worm speeds 


wawooownvwo 





lable 8 shows the nominal capacity of Spiroid gears, 
The 
pinion can be ground, if need be, to achieve accuracy. 
lhe gear may be lapped after hardening 
can be made with a case-hardened pinion and a phos 
phor bronze gear 


based on both members being case-hardened. 
Spiroid sets 


Ratings of these sets would be some 
what similar to cylindrical worm gears of the same size 

A hypoid gear has about the same rating as a spiral 
bevel gear of the same size. The hypoid pinion to go 
with a given hypoid gear is about 10% larger than a 
corresponding spiral bevel pinion. With this in mind 
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Other Types of Bearing 





Table 5—Crossed-helical Gears 
j ee Table 8—Spiroid Gears 
(For driver of 60 RC, and driven phos. bronze; pitch-line speed not over 


4000 fpm; units given a short “break-in” run to polish contact area) (Pinion and gear case-hardened, 60 RC min; pitch-line speed not over 


1700 fpm; based on tooth proportions recommended by Spiroid Div., 
Illinois Too Works) 





Helix) Pin- Rpm of pinion 

angle) ion 
of {pitch -—- atueiininimaen Cen- | Pinion 
pin- | dia. . | wo} 720 1750 3600 | 10.000 ter | ovt- Rpm of pinion 

jon, | in. —————— —_ dis- side ene . LS 
deg. tance,| dia, 100 | 720 | 1750 | 3600 | 10,000 

a in. | in. ._ ————m- 

Hp at different pinion speeds 








0.129/0. 1948/0 .3354 
0. 109}0. 1645/0. 2834 
0.0 . 1208/0 . 2080 
0 .058/0 0876/0 . 1508 


852)! .287 
690}1 .042 
500j0 .7550 
343/0. 5197 
4107 





888 8828 8282 8888 
































Table 7—-Cone-Drive Worm Gearing 
(Sliding velocity not over 6000 fpm) 





Worm Rpm of worm 
pitch — - 
die. | 100 | 720 1750 | 3600 | 10,000 
in. - _ -_ 5 

Hp at different worm speeds 


96 4.20 
40 1.86 
45 0.66 























8 25 
64 13 
07 











2 | 148 can vary all the way from a close approach to the line- 
2 74 
5 


24 contact conditions of a bevel set to the point contact 
of crossed helicals. They are generally made with both 
members case-hardened and ground. Their capacity 
ranges from about 20% to 70% of that of equivalent 
size straight-bevel gears 


Efficiency ranges 





























Efficiency of a gear is a variable. Factors such as sur 
face finish, kind of lubricant, temperature of lubricant, 
ind accuracy of teeth all affect the nominal values 
shown in the design curves, next page. The curves are 
based on the assumptions that the accuracy and finish 
of the gears represent good gear-industry practice for the 





lable 3 can be used to estimate hypoid capacity 
Planoid sets are somewhat new on the market. Earl) 
field experience indicates that they have about the same 
capacity as hypoid gears of the same size type involved, that the oil used is petroleum oil of nor 
Helicon gears span the ratio ranges of both Planoids mal viscosity, and that the temperature range is normal 
and Spiroids. If made of the same material, Helicons say, in the 80 to 120-1 
have about 50% of the capacity of Planoids and about Intensity of tooth load is very important. Suppose 
80% capacity of Spiroids (for same size and ratio) a gear set of 100-hp input capacity had a loss of 10 hp. 
Beveloid gears can fit many applications—hence they This would mean 90% efficiency. At essentially no load 


range 
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Efficiency Curves for different ratios and angles 


Pitch -line velocity, 4000 ft/min 
/000tt/min 











3 4 
Speed ratio, mz 


Spiral-bevel Gears 


ndrical-worn 


Based on the sur 


and normal pressure or 


C—Hypoid Gears 


such a gear set might still have a mesh loss of as much 
is 3 hp. If only 1 hp was transmitted through the gear 
t, its efh 
to 2 
issume that full rated power is being transmitted 


iency would have dropped all the way from 


C 
co 


®. Efficiency curves for gear sets generally 


through the gear set. On these two pages 
Curves A are for ground spiral-bevel gears operating 
it full load capacity for industrial applications. Their 
efhciency would be somewhat higher if operating as 
high-load aircraft gears with a thin synthetic oil. 
Efficiency of straight-bevel and Zerol-bevel gears is 
quite close to this data. Face gears also follow the same 
trend but are somewhat less efficient because they are 
not usually loaded as heavily for their size as ground 


rburized pinion ond geor, 60 R 


D-—Spiroid Gears 


bevels. All these gear types are coplanar and have som: 
what similar efhiciency characteristics because of rela 


tively low sliding velocity for a given pitch-line velocity 


Curves B show the efficiency of cylindrical worm 
gears as a function of worm lead angle. The efficiency 
drops off rapidly when the lead angle goes below 15 
However, in designs requiring low lead angles, hors« 
power is generally quite low and efficiency therefore is 
not too important a factor. In low-ratio units it is 
easy to design for a high worm lead angle but this be 
comes difficult at high ratios. Curves E give recom 
mendations as to worm angle, center distance and ratio 

Crossed-helical gears (non-enveloping worm gears 
follow a trend similar to that of cylindrical worm gears 
Curves B), but tend to be less efficient because of their 
reduced load-carrying capacity Double enveloping 
worm gears such as Cone-Drive gears follow a similar 
trend to cylindrical worm gears. 

Worm gears as a class all have a high sliding (or 

rubbing’’) velocity with respect to the pitch-line velox 
ity of the worm. The rubbing speed can be determined 
from 

0.2620 we fpm 


cos A 


where ny rpm of worm 
pitch dia of worm, in 
pitch dia of gear 
D 


ame 


lead angle; tan 


No gear teeth 
apeed ratio No. worm threads 
Curves C show the nominal efficiency of hypoid 
gears. Their efficiency pattern is somewhat similar to 
that of worm gears. The spiral angle of a hypoid pinion 
can be compared to the lead angle of worm by sub 
tracting it from 90 \ hypoid pinion of 70° spiral 
is analagous to a worm with a 20° lead angle 
Hypoid gears have a lower rubbing speed in com 
parison to their pitch-line speed than do worm gears 
his allows designing hypoid gears with better efh 


ciency than worm gears to do the same job 


Curves D show some nominal efficiency data for 
Spiroid gears—the trend here is somewhat similar to that 
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of worm gears. Their rubbing velocity is not quite as 
high with respect to their pitch-line velocity as that of 
worm gears. Lead-angle recommendations are given in 
Curves F. 

Planoid gears have rubbing characteristics very similar 
to hypoids, and their efficiency could be expected to 
follow a similar pattern 

Helicon gears are for lighter loads. Their efficiency 
is somewhat poorer than that of a Spiroid or a Planoid, 
but they follow a similar trend of best efficiency at a 
low ratio and poorest efficiency at a high ratio 

Beveloid gears may approach yplanar gears quite 
closely. This tends to give them relatively high eff 
ciency. However, their relatively low load-carrying ca 
pacity tends to lower their efficiency. Fully loaded 
Beveloids generally have efficiencies in the 95% to 
99% range 

All of the efficiency cun 
on mesh loss of the gear teeth. In a complete unit 
there are bearing losses; there may also be significant 


mentioned above are based 


windage losses and oil-churning losses. Though these 
other losses must be considered by the designer in figur 
ing over-all efficiency, oil-cooler capacity, etc., they are 
generally not important enough to enter into the choice 
of kind of gear for a given job. Bearing losses, for in- 


stance, are usually less than 0.5% in a high horsepower 


ipplication, while in som¢ low horsepower applications, 


bearing losses can be as high as 10% 


SELF-LOCKING CHARACTERISTICS 


Most gear sets are employed for speed reduction— 
their characteristics as speed increasers are usually of 
little concern. In a few cases, however, right-angle gear 
sets serve mainly to increase speed. Superchargers, for 
example, run at high peed ind generally require i 
speed-increasing drive 

The efficiency of gear for this purpose may be 
much poorer than when running as speed decreasers 
In general, a helical tooth form and a large number of 
teeth on the pinion help make speed increasers run 
smoothly and_ efficiently High-ratio, straight-bevel 


irs; high-ratio, straight-face gears; and worm gears 


with a low lead angle are the poorest to use for stepping 
up speed. In fact, worm gears have the ability to self- 
lock when driven backwards—although high-lead-angle 
worms are very successfully used as speed increasers 
One of the early supercharged automobiles had a Cone- 
Drive worm gear set driving the supercharger. 

In some cases the ability to self-lock when driven 
backward may be a prime design requirement. A winch, 
for instance, can be designed so that stopping the drive 
self-locks the gears and holds the load. This may permit 
the use of a design without a brake or a ratchet. The 
gears alone may be adequate to hold the load. 

Best for self-locking are the single- or double-envelop 
ing worm gears. Crossed helicals might be used but 
there is often some shock in self-locking. The stronger 
single- or still stronger double-enveloping worm gears 
ire generally needed 

The exact lead angle at which self-locking occurs is 
somewhat variable, depending on kind of lubricant, 
tooth-surface finish and tooth proportions. The fol 
lowing rules will usually give satisfactory results. 


- 
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Lead Angles for different ratios 


ingies 
} ] ] 
elf self-locking 
running when power is stopped and must 


; 


ite from speed, the helix angle should n 
¢ If appreciable vibration is present and a unit must 


the lead angle should not 


; 


yp when already running, 
exceed 2° for self-locking 


e When a worm gear 1s to be driven Dackwards as 


peed increaser, the lead angle should exceed 12 


MANUFACTURING CONSIDERATIONS 


Method of manufacturing can often determine which 
f several possible right-angle drives is best choice for a 
particular application. For example, if the quantity 


low and cost important, one might prefer a system 
manufactured with available or low-cost tooling 


A summary of common methods for manufacturing 


he various right-angle gear svstems is given in Table 


). It shows methods of producing both t 


, : 
vt liong with 


} 


rear member of each t 


currently being used to finish the 


thods, such as casting or lapping 


tvpes but are shown only where commonly used 


Machines designed and built by the Gleason Works 


1 








Table 9—Manufacturing and Finishing 
Methods 





Member 
Both 


Gear Type 
Straight beve | 


Zero! bevel 
Spiral bevel 
Hypoid 


High-reduction 


Face gear 


Crossed helical 


Beveloid 


Cylindrical worm 


Double-enveloping 
worm 


Spiroid 





Planoid 








Manufacturing 
Method 


Forming rounded tools 
Generating planing tools 
Generating disk-mill cutters 


Forming face mill cutters 
Generating planing tools 
Generating face-mill cutters 


Forming face-mill cutters 
Generating planing tools 


| Generating face-mill cutters 


| Forming face-mill cutters 
| Generating planing tools 


Generating face-mill cutters 


Forming face-mill cutters 
Generating face-mill cutters 


Milling 
Broaching 
Hobbing 
Shaping 
Shaping 
Casting 
Hobbing 
Shaping 
Milling 


Generating 
Hobbing 
Casting 
Milling 
Chasing 
Hobbing 
Hobbing 


Hobbing 


Hobbing 


Milling 
Chase 
Rolling 
Hobbing 
Casting 
Sintered 
Molded 


Hobbing 


| Milling 


Broaching 
Hobbing 
Rolling 
Milling 
Chasing 
Hobbing 
Casting 
Sintered 
Molded 


Refining 
Method 


Grind it 
Grind 


Grind 


Grind, lap 
lap 
Grind, lap 


Lap or grind 
lap 
Grind or lap 


Grind or lap 
Grind or lap 


Shave 
Grind 
| Lap 
| Hone 
| Lap 


Shave 
Grind 
lap 
Hone 


Grind 














ire commonly used in the generation of either straight 


bevel, 


Zerol-bevel, hypoid, or spiral-bevel gears 


and 


pinions. The fact that Zerol-bevel gears can be cut and 


ground on the same machines as spiral-bevel gears give 
them one of their chief advantages over straight bevels 
The pinion of the face-gear set is merely a spur 
gear—hence, it can be made and finished by any of the 
methods used for parallel-axis spur gearing 
however, must be shaper-cut or molded 
Both members of the crossed-helical pair 
manufactured with methods and equipment used for 


The gear, 


can be 


parallel-axis helical gearing. This is often very important 
if minimum tooling expense is desired. 

Beveloid gears are generated on special machines, 
similar to hobbing machines, and are ground on ma- 
chines similar to the hob-type grinders used to grind 
spur and helical gears 

With either cylindrical or double-enveloping worm 
gears, the worm wheel is generally made by hobbing, 
using either tangential- or radial-hob feed. The cylindri 
cal worm is usually milled on a machine like a thread 
milling machine or ground on a thread grinder. The 
double-enveloping worm is generally hobbed or shaped 
with a special attachment to obtain the throated form 

Ihe Spiroid pinion can be manufactured on any 
machine set up for cutting a thread on a taper, such as 
a thread-milling machine with an angle block of some 
of the automatic thread-chasing machines. For high 
production, rolling the threads is very economical. The 
gear member must be machined in a hobbing machine, 
with a hob that duplicates the pinion. 

The Planoid pinion is hobbed on a standard hobbing 
machine but with a special face-cutter mounted in the 
work spindle. The pinion to be cut is mounted in what 
is normally the hob spindle. The gear can be milled 
or broached one tooth at a time on standard machines 

Helicon pinions are made by milling, chasing, or 
hobbing in low-production quantities—or rolling where 
production is large. Their gears are hobbed with a hob 
which simulates the pinion. On ratios of less than 10:1, 
hobbing does not produce a satisfactory finish unless 
tangential-feed hobbing machines are used, so that 
below 10:1 the gear member is usually cast, molded or 
sintered. 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, NY. 


EDITOR’S NOTE—The authors wish to thank the many 
individuals and organizations who helped in the prepara- 
tion of this article, in particular: Wells Coleman of the 
Gleason Works; Fred Birtch, Cone-Drive Div of Michigan 
Tool; Fred Bohle and W. D. Nelson, Spiroid Div, Illinois 
Tool Works; Albert Beam, Vinco; J. E. Gutzwiller, Stand- 
ard Products Div, DeLaval Steam Turbine Co. Photos of 
face and cross-helical gears are from Fellows Gear 
Shaper Co 

The authors also wish to point out they included in- 
formation believed accurate and reliable. But because 
of the constant advance of technical knowledge, the 
widely differing conditions of possible specific applica- 
tion, and the ever-present possibility of misapplication, 
any application of the information must be, of course, 
at the discretion of the user. 


For recent information on design of parallel-shaft gear 
systems see 


Latest Equations for Angular Errors in Gears, Aug 15 
60, p 56—Equations predict the effect of seven key 
factors 


Design Guide for Noncircular Gears, Mar 14 '60, p 59 
Discussion of most types; equations, tables, and three 
design problems 


Twinworm—the Self-locking Gear, Jan 18 '60, p 39— 
New development combines two wormscrews to give 
self-locking characteristics. 
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Target Pistol 


Rotating sear in this free pistol holds striker 


safely in place until trigger is pulled. Then 


z Batteries Trigger 


electromagnet disengages connector and 
“FREE” PISTOL gets its name from the lack of re > - . 
strictions on its design. Safety was one of the primary weapon fires. k inger pressure required can 
goals here. Conventional pistols that have low trig- ° ° 
ger-pressure are so sensitive that a slight jolt or a be adjusted to as little as l 10 02. 
change in temperature can cause accidental discharge 
But this adjustable trigger can safely be set for as 
little as one-tenth ounce, because pressure between 
the sear and sear connector remains constant regard 
less of the trigger-pressure setting. Large wooden 
grip is moulded and slanted to individual shooters 
preference 


COCKED STRIKER is held back by 
rotary sear, which is locked by the sear 
connector. When trigger is pressed, 
completing the electrical circuit, elec 
tromagnet is energized, pulling the 
sear connector down Pressure of 
striker rotates sear out of the way, 
allowing striker to move forward and 
hit the firing pin. When released, the 
striker moves forward in a straight 
line pushed by a coil spring exerting 
a 30 to 35-lb pressure. A downward 
movement of only 0.005 in. by the sear 
connector releases the rotary sear and 
fires the pistol. Two 6.5-volt mercury 
batteries in the grip provide the cur 
rent to operate the electromagnet 





PS Produced under contract for 
the US Army Advance Marksmanship 
Unit of Fort Benning, Ga, this .22-cal 
free pistol has been used in Olympic 
competition to fire at a target with a 
1.1-in. bullseye placed 50 meters from 
the shooter. Fired from machine rest, 
the pistol produced shot groups from 
0.425 to 0.575 in. at 50 meters. Pistol 
is produced by High Standard Mfg 
Corp. Hamden, Conn 
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PRODUCT DESIGNS 











Engine Snaps Onto Choice of Implements 


Centrifugal-clutch coupling permits transferring the power unit in seconds and 
without tools (photo shows it being lifted from mower to edge trimmer). Cam-action 


clamp gives freedom for positioning the handles. 


Engine 
adopter 
‘™ 
mat | 


“< 


CLUTCH-COUPLING consists of a 3-segment 
centrifugal clutch which slips into mating cup on 
each implement. Vertical-shaft engine is mounted 
on an adapter which aligns the engine and tools 
Spring clamps on each side of the adapter lock 
the engine and implement together. On smaller 
implements, dowel pins in the adaptors prevent 
rotation and movement. The locating pin at base 
of handle provides additional support when the 
heavier tools—tillers and tractors—are used. 
When engine accelerates, centrifugal clutch 
/mplement begins to engage at 1200 rpm and locks fully at 
1600 rpm. When decelerating, clutch starts re 
leasing at 1600 rpm, is fully released at 1200 rpm 
This reduces possibility of stalling to a minimum, 
and protects engine from overloads and the shock 
of implements striking heavy objects 
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FAMILY OF TOOLS powered by engine-handle combination 


self propelled rotary mower! 


to the handle 
lawn vacuume! 
into a 
neutral 


(RB) 
which clears a 
4-bushel bag 
controlled 


>2-in 
28-in 
by a 


gearshift 


on 


PS 
a 3.25-hp, 4-cycle engine equipped with im 
pulse starter, weighs approximately 40 Ib 
Implements the 
and = self-propeller 


a 22-in 


Interchangeable power unit has 


for include 


homeowner 


21-in 


an edge trimmer 


walking rotary 


mowers, tiller 


path with a centrifugal 
(D) two-wheel tractor with two forward speeds 


the 


CONTROL HANDLE 
ippe! 


ection 


consists ot the 


adjustable portion and a box 
bolted to the 


and ik 


lower-half 
adapter. Upper 
by a 
the 


engine 
ywer handles are 
universal pivot 
handles toward 
surfaces of the 
locking the pivot block 
loop Slot n pivot per 
handles to 270° in a plane 
normal to the pivot block. Upper 

dies can rotate 360° ind the 
For transport or handles 
folded over the engine. For 
plowing, handles « 
either side and a 

m firm ground 


connected joint 


Pressing 


uppe! 


each other forces cam 


fittings 


the 


mits 


apart 
to loop 
rotate 
han 
bolt 


are 


arol 
storage 
tilling or 
De offset to 
ope! to walk 


an 


itor 


include (A) 21-in 


with transmission control attached by spring clips 
sickle-bar mower 


attached to a two-wheel tractor: (C) 
blower exhausting 
reverse and 


transmission housing 


ond lawn 
a 15-in 

22-in 
sickle-bar-mower 
Handle is 


subsidiary 


For 
26-in 


tractor 


vacuumer individual users 


cultivator tiller-cultivator 


tiller and for a plow or 


ere available Terra 


produced by 


of 


Moto-Mower 
Richmond 


Inc 


Dura Corp Ind 





Pro... 


High sensitivity to displacement 
High-frequency response 

High output 

Little or no loading 


Ability to measure both static 
and dynamic quantities 


J R McDERMOTT 


Electronics consultant 


Relatively complex mechanical 
construction 


Some temperature drift 
Sensitivity to vibration 
Possibility of spurious signals 


CAPACITANCE TRANSDUCERS FOR LINEAR OR ANGULAR _ 





Change of Area 











. 
For moderate to large linear displacements 


Fixed meta/ 

biock | 
Moving tube | Decrease — 

= nan ~ /ncrease 


—_—_ ~ a | ee ee — 


For small to large 
angular displacements 


C:0S€ fixed 


_= “< plote 
\ 
‘ 


—- /nerease 
Decrease ee greene ‘opocitonce 
Opacilonc 
Capacitance \ 





Displacement 


BASIC TRANSDUCER TYPES fall into two ca 
gories: th that operate by changes in area (li 


> Mox 


te 
ke 


i ; " > 
Nin Angu/lor rotation Mox 


the three above); and those that operate by changes 
in distance between plates (like the one on next page) 
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AX prime advantage of the capacitance transducer is that 
it can be adapted to work with a wide variety of forms of 
mechanical construction. By proper design for a given 
ipplication, wide ranges of basic quantities can be meas- 
ured, including displacement, static position, force, pres 
sure, and motion. Displacement can be measured from 
microinches to inches or even greater. 

Ihe capacitance transducer consists of two conductors 
separated by a dielectric. If we ignore any fringe effects, 
capacitance between two flat conductors or plates depends 
factors: the 


medium between the plates, the facing areas of the plates, 


on these three dielectric constant of the 
and distance between them 

A change in any of the three will result in a change in 
capacitance. Such transducers commonly operate by chang 
ing the distance between plates, or by varying their facing 
areas. However, in some special applications, such as 
measuring the level of a liquid, changed capacitance re 


sults from a change in the dielectric constant 
Measuring displacements 


best measured by 
For example, to 
a cylindrical 
mounted so as to move in or out of a 
fixed block of Where this 
telescoping type of construction cannot be used, it may be 
idapt the parallel-plate type of construction. 
In either case the change 


Medium or large displacements ar« 
ipplying the change-of-area principle 
measure machine travel in terms of inches, 
metal tube can be 
concentric hole in a metal 
possible to 
capacity versus displacement 
can be linear, except for small increments at the maximum 


ind minimum positions 


Change of Distance 


For very small to small 
motions or displacements 


4 
7 











Fixed 


fi 
plate 
\ 
\ 


\ 


- Moving 
plote 


4 


i af k— /ncrease 


Capacitonce 
Decrease > 





an 
2 


— Copocitonce —» 


0 — Distance 
PY pam Distance, d 


Curves below each type show changes in capaci- 
tance produced by changes in displacement. 
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Small displacements, in the order of microinches to a 
few thousandths of an inch, are frequently measured by a 
flexible diaphragm in which a change of distance between 


capacitor plates is the basic quantity varied. Because of 


this relatively high sensitivity to minute motions, the mov 
ing transducer can be made very stiff, so as to provide a 


high natural resonant frequency For some transducers 


this has been as high as 500 kilocycles 


At other end of the range, where delicacy of measure 


ment would be distorted by the measuring device, capaci 


tance transducers that impose extremely light resistance or 


drag forces can be provided. In these respects they are 


exceeded only by optical devices 


+} 


rmougn 1 Change OF Capacitance With aistance D 
Although the change of capacit listance be 


tween plates is inherently nonlinear, capacitance variation 
may be made linear by proper mechanical construction of 


‘ 


the unit. Also, the electrical system from which the final 


uutput is taken may be adjusted to produce the required 


response 


Angular displacements can readily be measured by using 
Here 


quired range, the transducer capacitance 


linear, from very small angles to 


1 rotating-plate transducer depending on the re 


variation is usually 
over 360°. If nonlinear 
response is required, the plates can be shaped to give the 
desired output curve. 

Liquid levels are also measurable by 
Che level of nonconductive liquids can be measured by a 
The 


dielectric liquid rises or falls between two plates formed by 


capacitance changes 


hange in dielectric constant of a gage transducer 


yncentric cylinders. Since the dielectric constant of such 


liquid is substantially greater than air, a rise in the liquid 


level increases effective capacitance. In such applications 


the capacitance change with level variation is essentially 


near. Principal errors encountered are | 
constant with temperature 


} ] treoalutec 


For conductive liquids such as mercury, « 


hange of dielectric 


vater, the change in capacitance between the liquid and a 
fixed plate above the liquid provides a vat 
utput signal. The prime effect used here 


listance between two capacitor plates, on¢ 


upper surface of the liquid. The output 


pect to liquid variation 

ic excitation voltage, whicl 
ipplied between the upper 
tential thus induces a charg 


n the lower fixed plate 


Transducer electrical systems 


Several methods exist for converting 


| 
er capacitance into a useful electri 
ipplied for recording yntrol 


| — 


thods make the capacitor part 


For example, the transducer can | 


tuned circuit of an oscillator operating 


A change 


wr decreases the os« 


few hundred kc to a few megacycles 


jucer ¢ ipacitance in 


Teases 
Osc ill at 


alle d ! 


juency The output of the 
indard frequency-deviation 
detector. 


When the transducer is in “at 


; 


lation 


the center of the operating displacer 





CAPACITANCE TRANSDUCERS FOR LIQUID-LEVEL MEASUREMENT 





Change of Dielectric 


Change of Distance 





Center rod — _- Surrounding 
cylinder 


/ncreasé 





— Dielectric 
(nonconducting) 
/iquid 








Ports for 
liquid entry 


| 

| 

TWO LIQUID-LEVEL GAGES. For nonconducting liquid 
use transducer at left. It operates on change of dielectric 
level between center rod and surrounding cylinder. Trans 


tuned rcuits a 


balanced—one tuned above and one 
below the oscillator frequency—the voltages delivered to 


the two load resistors are equal and opposite, therefore the 
net voltage at the output is zero 

If force or pressure is applied to increase the transducer 

ipacitance, the oscillator frequency decreases, the output 

me load resistor increases and that across the other 

ind the net output voltage is negative. If 

transducer capacitance, 


voltage. For cyclic variations in the measured 


the result is a posi 


this system produces a linear ac output who 


depends on the dynamics of the motion being 


most common typ¢ rcuit connects the 


icross a tuned circuit w energized by the 


through inductive coupling. The main tuning 


‘ A 
has a relatively large variation which permits 
tr 


ransducer circuit over a reasonably wide range 


ng point is set by adjusting this capacitor. Th 
ions of the transducer capacitor give an out 
The result is dc voltage over a 
limited range 
riation is over small region o 


tuning output 1s 


EDITOR’S NOTE: For more informa 
tion on force sensors, see 

How the Resistance Transducers 
Compare, Oct 17 ‘60, p 76—Describes 
even types of resistance transducers 


erations, Apr 27 


compares range, sensitivity, and lin- 
earity 





__— Fined, insulated 
— capacitor plates 








‘ 
} 
Ac 
output 


voltage 

















Piezoelectric Transducers Measure ause of high sensitivity 
Fluctuating Forces, Pressures, Accel- ey don’t need amplification 
"59. Dp 61 How piezo- 
electric accelerometers work; their Th 
limitations and applications 


Pressure-sensitive Material Meas- 


ducer at right is for a conducting liquid. Change of dis 
tance between lower capacitor plate and surface of liquid 
changes capacitance. Varying airgap is the dielectric 


or dynamic ntinuously changing 
utput is a fluctuating gnal 


Limitations 


One basic re r the versatility 


‘ 
ty Vl 


capacitive trans 
ict that dynamic response and the 


d pressure 


ducers ar I 
influence of te 


mechanical const1 I yroduce des 


in be modified by 
lectrical char 
effect 


nments 


The capacitor 
fields, which 
] ty 


uunded pla 


the trans 


rcuit with w 
mstructing a tuned 


n the transducer itsel 


and output 


ee articles on application and 
design of strain-gage bridges 
Strain-gage Balancing Simplifies Mul 


Better Accelerometers Off the Shelf, 
Sep 5 ‘60, p 54—Describes and com 
pares six types of accelerometers used 
in testing, speed control, remote level- 
ing, and balancing 


72 


ures Explosion Forces, or Footfall of 
a Fly, Sep 16 ‘57, p 106—Properties 
and application data on pressure cells 
made from rare earths. Cells change 
electrical resistance when compressed, 
thus serving as force transducers. Be 


tiple Bridge Measurements, June ‘56 


Strain-gage Transducers, March ‘56 

196 

Strain-gage Bridge Sensitivity Con- 
trol, Jan "56, p 200 
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Do you know the quick ways to solve the Pythagorean 


relationship . 
powers and roots? Here are 13 


how to... 


. want more accuracy when finding 


examples showing 





get more from your sliderule 





CHARLES J LYNCH 


Assistant editor 


Tih standard 10-in. duplex (twe led liderule is a1 

markably versatile device ( me engineers, though they 
use it every day, fai of its potential 
For example, it will everal commonly encountered 
equations with a minit longhand arithmetic and 
ilgebraic substitution rs are a irprised to find 
it will give swers bevond tl ind 4-place accuracy 
ustomaril ynsidered tl Moreover, with th 
alculations that 


required several setting ttings can now b 


performed with minimum manipulat 


Of the twenty or more s now 


examined your rule sin 


na rule, how many 
do vou actualh 
the days when ming acquainted with it 
to discover what i] re included and the purpose of 
each? For a reminder, here is a list of scales commonly 
found on the modern sliderule and the intended function 
of each as described in standard sliderule manuals. If you 
ire not using each to its fullest potential you are denying 
yourself some of the worksavers built into your instru 


ment 
C and D: multiplication and di 

DF and CF (folded scales): with C 

swers that fall bey 


resetting slide. Also for finding products in which a i 


ind D, to read an 
i+} 


nd the er he scale without 
a tactor 

DI, CI and CIF (reciprocal scal 
bers on D, C and Cl Also for 
division” yntaining many factors to b 


reciprocals of num 
“multiplication br 
in problem 

multiplied together | sliderule motion 


divide by 


multiply, et 


reciprocal, multiply, divide by reciprocal 

and B: squares and Also for multiplica 

tion and divisi ccuracy) to a\ 
transferring reading } > and D scales 

K: cube roots. 

LL: for powers and roots other than squares or cubes 
Also for finding logarithms to the base e. Most rules 
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have five or mor¢ 
S, T and ST: trig 
tangents, cotangents 
Most rules also have an I 
most neglected of all scales: i 
for multiplication and division (the C 
only faster but just as accurate) and 1t 
less than 10 in.) to pinch-hit as a ruler 
for plotting numbers logarithmically 


the log. directly from the L scal 


; ; 


tional roots and powers in lieu of the | 


lowing problem is an xample of the 


EXAMPLE 1: Find 52 

The answer is larger than 22,000 and thus extends beyond 
the end of the log-log scales on most rules. Therefore, find 
mantissa of 52 on the L scale (0.716), add the characteristi 
(1.0), multiply the logarithm (1.716) by 2.7 on the C and D 
seales (2.7 « 1.716 4.63). Now find antilog of 0.63 on 
L scale (4.27) and place decimal point in accordance with 
the characteristic 

42,700 


The L scale will also give more accurate answers f 


powers in which the result, though it can be read on the 


LL scale, is larger than 1000. Answers larger than 1000 
cannot be read accurately on LL much beyond 2 places 
but answers found with L and D scales can always be reac 
to three places, sometimes four. Accuracy here is limited 
by accuracy of final log. For best results, multiply exp 


nent and log by longhand 
Roots on LL Scales 


In the same wa\ 


quare and cube 


r or slightly smaller 
that can be reduced to this \ 


powels of 10 





get more from your sliderule continued 


EXAMPLE 2: Find ¥118.4 
Reading the root from the A scale to the D scale in the 
normal way gives 10.89 (estimating the last significant 
digit). But reducing the root to 
V¥118.4 = ¥1.184 X 10? = ¥1.184 x 10 
and reading the root of 1.184 on the LL scale gives 10.881 


EXAMPLE 3: Find W952 l 
Extracting 10° and reading the answer on the LL scale 
fives 
V0.9521 & 10° = .98375 X 10 = 9.8375 


This compares to the 9.84 read when using K and D 
] 


On some sliderules the LL scales will also find recipro 
ils of numbers to several significant places when the 
number is close to 1.0 (or 1.0 10°, where x is a posi 
tive or negative integer). It is necessary that the rule have 
in LL scale for negative exponents that corresponds with 
each LL scale for positive exponents. On some rules thes« 
ire marked LL], LL2 and LL3 for positive exponent and 
LLO1, LLO2 and LLO3 for negative exponents. On other 
rules the scales for positive and negative exponents are 
back-to-back. (Rules with LLO and LLOO scales for nega 


tive exponents cannot be used for this operation 


EXAMPLE 4: Find 1/1164 


Rewrite as 


l 10 
1164 1.164 


Read 1.164 on LL2 and 0.8592 on LLO2 


l 
1164 


8592 « 10° 0.0008592 


Another way to find square roots to several significant 
figures is to use the sliderule to approximate the root. Find 
the first approximation with the A scale in the usual way 
[hen divide this by longhand into the original number to 
find a second approximation. The average of the first and 
second approximations is the square root to four or more 
ignificant digits 


EXAMPLE 5: Find v16.83 


With sliderule, read 4.11 

divide manually: 16.83/4.11 = 4.0951 
find average: (4.11 — 4.0951)2 4.1025 
check: (4.1025)? = 16.8305 


Because of the manual long division, the method is slow 
But it is faster than extracting the root by hand (an opera 
tion most of us have forgotten how to do, anyway) when 
ou don’t have 5-place log tables handy 


Multiplication by = 


The folded scales are most convenient for finding cit 
cumferences of circles: with the cursor, simply read the 
diameter on the D and the circumference on the DI 
Areas are found quickly on the A scale by setting the index 
to the radius on the D and reading the area on the A 
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opposite * marked on the B. But there are many occa 
sions when multiplication or division by + must be pet 
formed on the C and D scales. Generally, these scales 
have no z calibration so that it is necessary to read 3.142 
each time the factor is used. You can mark a on the C 
and D scales by dividing 355 by 113 and scribing a line 
opposite the index, using a sharp knife and a steel straight 
edge. (The factors in the division are easy to remember 
They are the last three digits of the sequence 113355, 
divided by the first three digits. This gives # accurate to 
seven significant digits. ) 

Despite notions to the contrary, addition and subtrac 
tion can be performed on the sliderule. Consider the 
problem 173 95 ?. To solve it, first rewrite the prob 
lem by multiplying and dividing both factors by the smaller 
factor to give 95 (173/95 + 1). Then, on the sliderule, di 


vide 173 by 95, mentally , reset the index to (173/95 


1) and multiply by 95. This, of course, is slow, mor¢ 
cumbersome, and less accurate than pencil and paper 
iddition (this particular problem could even be don 
mentally) but there are variations of the problem that 
make the method useful 

One frequently recurring variation is the solution of the 
Pythagorean equation. Rewriting the equation 


h2 


(a) 
it can be solved on the sliderule without pencil-and-paper 
iddition. In rewriting the equation, divide by the square 


of the smaller of the two sides so that b/a is greater than 


1. This simplifies the mental addition 


EXAMPLE 6: Find the resultant of two forces acting at 
90 The forces are 78 lb and 164 Ib 


-. |f 164 
78,4 | = + 1 
V\ 7 
Set 164 on D opposite 78 on C. Read (164/78)* on A (4.42) 
and add 1 (5.42). Reset index to 5.42. Read answer 
(181.7) on D opposite 78 on C 


If hypotenuse and one leg are known, the other leg can 


- 


be found by subtraction 


EXAMPLE 7: Resultant velocity of a projectile is 613 fps 
If one of two mutually perpendicular components is 381 fps 
find the other component 


613 \? 
: \ ( 381 
As before, divide 613 by 381 and read (613/381)*on A. Sub 


tract 1 (2.59 ] 1.59), reset index, and read answer, 
480, on D, opposite 381 on C 


here’s another way to perform these operations on the 
sliderule but, though it saves one step, it is not so straight 


forward and therefore more difficult to remember 


EXAMPLE 8: Find resultant impedance when a resist 
ance of 72 ohms is connected in series with an inductance 


of 15 ohms 
Z 15 a \" l 
; “ ( x) " 
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Divide 72 by 15 “upside down.” That is, set cursor to 15 
on D and slide 72 on C under hairline. Without moving 
cursor, read (72/15)* opposite index on B and reset slide 
to (72/15)* + 1 = 24.1. Now read resultant (73.6 ohms) 
under hairline cn C. 


When the ratio between the two sides of the triangle 
is large (greater than about 5 to 1) it is usually more 
accurate to solve the triangle in the normal way, using the 
trigonometric scales. There is a shortcut here too. 

To find hypotenuse: 

Set index over larger side on D 

set hairline over smaller side on D 
read @ on T 

draw slide under @ on S 

read hypotenuse on D under index 

When hypotenuse and one leg are known, the other leg 
can be found in a similar fashion. 

The method of sliderule addition can also be useful for 
the following equations, frequently found in electrical com- 
putation 


They can be solved by sliderule if rewritten 


These are best solved by first finding 1/a (working the 
problem “upside down”) and then finding the reciprocal. 
If your sliderule has a DI scale, the problems can be solved 
with one less step. 


Backward-reading Scales 


Engineers who make frequent 
sliderule have a trick for computing equations of the form 


omputations with the 


sel-y 

where y is a number that must be computed by sliderule 
before the subtraction. Rather than subtract y from 1, 
simply read the answer directly pretending that the rule is 
calibrated from right to left rather than left to right. 
Hence, where the D scale is marked 9, read 2; where it is 
marked 8, read 3, etc. The other graduations can be read as 
easily from the right as from the left since they have no 
calibration figure. 


EXAMPLE 9:1 — 67.2/78.1 


Divide 67.2 by 78.1 the usual way (with 67.2 on D and 
78.1 on C). Under index read 0.240 (actually 0.860) count- 
ing from right. 


The method works best when the value of y is only 
slightly smaller than 1, causing the answer to fall close to 
the right of the scale. 

Here’s another trick: When ratios are close to 1.0, com- 
pute smaller portions of ratio and subtract from 1 (or add 
to 1) for a more accurate answer. 
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EXAMPLE 10: 731/756 


By the usual method of division the answer is 0.967 as 
close as it can be read. But by rewriting (it can usually 
be done mentally) in the form 


‘iS 1» — 26 — 731 er - 


731 
7. 6 


>n 


75 756 7 


Then, by sliderule, compute 


or 


yA9) 


= 1] — 0.0331 = 0.966 
756 l 0331 0.9669 


Or when the ratio is slightly larger than 1.0, as in 


EXAMPLE 11: 972 
1.972 _ 1.059 by sliderule, 
1.863 ’ 

compute instead: 


1.972 — 1.863 02) . 1c 
1.863 1.863 mt 
Or when multiplying factors, one of which is close to 
1.0 as in 


EXAMPLE 12: 
(0.9548) (731) 698 by sliderule, 
multiply instead 
(—1 + 0.9548 + 1)(731) = 731 — (1.0 — 0.9548) (731) 
731 — (0.0452)(731) 
731 — 33.05 = 697.95 


Solving quadratic equations on the sliderule is not a 
simple matter—but sometimes faster than the binominal 
theorem Though the method is reasonably straightfor 
ward, it demands considerable cut-and-try 

First step is to rewrite the equation with the coefficient 
of the x* term unity in the form: 


0 
Set the index of the sliderule over c on the D scale and 
find the factors on the D and CI scales whose sum is b 
If the last term is negative, find the factors whose differ 
ence is b 


EXAMPLE 13: Find factors in the equation 


21z* + 137z — 434 = 0 


Rewrite: z* + 6.522 — 20.7 0 


Set index to 20.7 on D and read off pairs of numbers under 
the hairline on CI and D scales. First bracket the factors 
by finding a pair whose difference is larger than 6.52 and 
a pair whose difference is smaller. Don’t worry about 
decimal points—assume whatever decimal-point placement 
is needed to give a difference in the desired range. After 
numerous trials and several pencil-and-paper subtractions, 
you will discover the nearest pair 


z=-—8.86 2 2.33 


Third- and fourth-order equations can also be solved in 
a similar fashion (using square root and cube root scales 
but the method requires considerable practice to gain 
facility with the technique and confidence in the result 
There’s no quick way to solve higher order equations (short 
of a computer). For those infrequent occasions when a 
cubic or quartic must be solved, it’s probably more expe- 
dient to turn to the handbook solutions * 


For REPRINT of above article, just check P66 on one of the Reader 
Service cards found in this issue. 
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SOLVING MATERIAL |) SS 
DESIGN PROBLEMS ‘ 7 


ELECTRICAL INSULATION 





From a cool shave to continuous heat. CDF MiICABOND® insulation solved two problems: low cost for tiny commutator V-rings 
in electric shavers . continuous heat in traction motor and generator V-rings and segments for diesel locomotives 


You get the exact physical and electrical properties In addition to the MICABOND line, CDF makes 
you want at low cost when you have a wide selection the industry’s widest range of laminated plastics, 
of grades to choose from, plus engineering know-how 
to help you with your selection. 

The many grades and types of MICABOND made 
it comparatively easy to solve the different insulation 
problems posed by low cost shaver motors and 
rugged locomotive traction motors and generators. uct Design file. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -4%,,,4/ COMPANY * NEWARK 40, DEL. 
In Canada, 46 Hollinger Road, Toronto 16, Ont. 


vulcanized fibre, and other electrical insulating mate 
rials. For MICABOND information, write us for 
catalog M-59. For other product information, ask 


for General Folder 60. Or check your Sweet’s Prod 


Long-life insulation. CDF MICABOND is Flexible. COF MICABONDtapes provide high Impact resistance. A reason why MICABOND 
used in low-cost siot-cell insulators in motor heat resistance for many types of electrical was used as disc insulators for giant mag- 
assembiies. windings. netic cranes. 
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SECTION MODULUS CHARTS FIND 
BEAM DIMENSIONS FASTER 


This special version of the flexure equation quickly 


solves for stress, load and size of a given beam. 


LOWS DE MONGE, reseorch engineer 
with the firm of Colonel S H Bingham 
Consultant Engineers, NYC 


F lexure formula S Mc/I links together outside 


forces, kind of material and beam shape. In a special 


case, when c is distance from neutral axis to the ex 
treme fiber, the ratio I/c becomes known as section 
modulus, a summation of the effects of cross-sectior 
shape 

When the flexure equation includes this section 


modulus, three different solutions are possibl 


e Highest stress in a cross-section 


e Load that a specific shape can stand 
O e Necessary section modulus 


Knowing section modulu 
xact size and shape 

hosen, dimensio1 
r pl blems, chart 


Curves | 


EXAMPLE: One tub 
training astronauts must withstand a bending mom 
of 190,000 in.-Ib. If stress limit for the material 

100 psi, what shall tube diameter and wall thickn 


be? How much weight does the tube add? 
SOLUTION: Start by findin tion modulus 


Z V 


rom chart, D 
vhen D/I 


SYMBOLS 


Beam width, in 
Distance of fiber from neutral axis, in 
Tube outer diameter, in. 
Web thickness of I-beams and wall thickness 
tube, in. 
2, = Flange thickness of I-beams and box beams, in 
O Oe Web thickness of box beams, in 
= Moment of inertia, in.‘ 
Bending moment, Ib-in 
Stress, psi 
Section modulus, in 
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They broke up the pellet traffic jam... 


with Rockwood 
Ball Valves 


A costly and recurrent problem in a 
large southern synthetic fibre mill was 
the jamming of polymer pellets as they 
came from supply hoppers. Source of the 
trouble was the tapered-throat design 
of the valves. Even with valves fully 
open, pellets piled up. In addition, this 
packing-in action caused severe abra- 
sion on the valves. The problem was 
solved by replacement with Rockwood 

3all Valves 


opening feature now permits pellet to 


Their straight-through- 


flow smoothly . . . and the wear prob- 
lem has been automatically eliminated 
Rockwood 


more resistance to flow than the pipe- 


because valves offer no 
line itself. 
What's 


openings and closings Rockwood Ball 


more, after hundreds of 


Valves still provide positive leak-proof 
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shut-off means. A _ retainer spring, 


which automatica compensates jor 
pressure variations keeps the seat snug 
against the ball and holds tight even 
under vacuum 

Thousands of Rockwood Ball Valves 
are giving efficient service and cutting 
costs throughout industry in oil 
refineries, textile mills, paper, chemical 
and rubber plants 

There are types and sizes to meet 
every requirement in your plant. Write 
today for the folder on 
Rockwood Ball Valves. Tested and listed 
by Underwriters’ Laboratories, Inc. 
Rockwood Sprinkler Division of the 


A subsidiary of 


illustrated 


Gamewell Company 
E. W. Bliss Company, 825 Harlow St., 
Worcester 5, Mass. Distributors ge 
Ss —_ 


in principal industrial areas. 


" 


Fig. 254 Type 316 Stainless Steel 


- 





FULL, R 








Rockwood Ball Valves are available in pipe 
through 16” in screwed ends 150 Ib 
and 300 Ib. flanges. All internal parts are of 


sizes % 


Type 316 stainless steel with spring-compensated 
TEFLON* seats. Recommended for 600 p.s.i 
working pressure and suitable for temperatures 
ranging from—100° F. to 400° F. All sizes ore 
available with two retoiner springs and two 
Teflon seats 

*DuPont Reg. T. M 


ROCKWOOD 
BALL VALVES 


FLOW 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Modular block-type reader . . . 


1 , 
sincon cells to read 
s driven fror 


le 


block provide information for block advance 
lutch mag 

motely or fror 

read. Deliver days 


Hempstead, NY 


Parts molded of filled silicone 


ire uid to be suitable for continuous 


it temperatures from 67 to 7 


its molded from the granular 


ing material are also reported 


to have dimensional stability and thermal 


hock resistance in this temperature rang¢ 
Molded parts are reported to demonstrat 


high arc resistance, over 400 sec, and di 


sipation factors as low as 0.002 at 10° cps 


Conventional compression or _ transfer 


molding equipment and techniques can 
used. Now available in unlimited pro 
] 


uction quantities Complimentary evalu 


ition sample is offered. Dow Corning 


Corp, Midland, Mich 


Circle 301 on Reader Service Card 


ontrolled by flip-flop i 
ront panel Price depends on number of characters that mus 


Ferranti Electric Inc, Electronics Div, 95 Madison Ave, 


; 


Circle 300 on Reader Service Card 


Pressure measurement device 


uses helical bourdon tube element coupled 


directly to rotary induction potentiomet 
in hydraulic and pneumatic systems. Car 
be spark plug mounted to measure pressut 
in internal combustion engines. Units ar 
oil-filled for additional damping and ar 
said to be rated for 150 


of rated pressure with ne calibration shift 


overpressure 


rated 
ranges from OUI 
psia or psig. Induction 
transducers are said to 
accuracy and rapid 1 
of full ranges; hyst 
rang temperature 
and vibr 
haract 
oth furnished for 2¢ 
ration. Said 
ycles. Ap 
nding 
t 
| it p I ( Vk 
Servonic Instruments Inc, 640 Terminal 


Wav, Costa Mesa, Calif 
Circle 302 on Reader Service Card 


Vernier pressure regulator . . 
for pt alibration in n 
{ sed in ny} 


ilators or thre 


pr 1 pr ssure 


blish approximate pr 
Variable-volume devi 
ed pre ssure device said 
pressure regulation possibl 
1.1 to 1000 psi, while main 
tuating forces at low le De 
is established by increasing 
lecreasing volume of trapped air or gas 
Can be used with dry air or nitrogen and 
adaptable to other pressure media. Avail 
ible from stock. Approximately $200, list 
Astromics, Div of Mitchell Camera Corp, 
611 W Harvard St, Glendale, Calif 


Circle 303 on Reader Service Card 


Teflon film is cementable . . . 
n one side with common adhesives. Priot 


lopment of the new film, the only 


» dev 
iy to provide surface receptive to adhe 
ives was by pate nted treatment with alkal 


metals in organic media. Film could also 
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be heat-sealed or heat-bonded to 


New type film can 


used, without adhesive vide 


other materials 


ible o1 pottable 
heat-sealed jack 
hares all nroner 
Shar all properti 
arbon hims at Ip 
SC lable and he it-t 


1 gages from | to 4 FE I du Pont 
t'e Nemours & Co, Wilmington 98, Del 
Circle 304 on Reader Service Card 


Solenoid plunger and poppet 


dit t 


lefion O- 

withstand t 

F and sho 

fittings for flared or ff t Y: 

iwailable in siz rom 3 W eather 

head Co, 300 FE 13st St, Cleveland 5 
Circle 305 on Reader Service Card 


Snap-action pushbutton 
switches .. . 

are available in illuminated and nonillumi 
nated versions and momentary or alternat: 
action configurations. One-piece unit elimi 


nates external accessories. Mounts rigidly 
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in most panel thickness¢ Available con 
1 or 2 SPDT switches 


vith ratings of 5 220 ac and 


figurations include 


25 amp at 22 | | switches ar 
ited at 1 million oper ns. Prices rang 
from $7.55 to $9 in unit quantities. ‘Truco 
Engineering Co, 289 Fairfield Ave, Hart 
ford 6, Conn. 


Circle 306 on Reader Service Card 


Impact extrusion proce 


d t fabricat I 


ss... 


Jacobson Nut Mfg Corp, Box 
Kenilworth, N] 
Circle 307 on Reader Service Card 


1-in.-bore air cylinders . . . 

nploy self-lubricating Teflon piston seal 
t racili 

q larte! 
Standard 
hard chrom 
steel end caps and steel 
with bl de nis! Eight 
tandard strokes rangit rom 4 to 5 in 
ire available, with front flange, rear flange 
trunnion, clevis or foot mountings. Hydro 


Line Mfg Co, Rockford, Ill. 
Circle 308 on Reader Service Card 


Low-speed indicator . . . 
for speeds of 10 rpm and lower 
yf better than 2 


ile. Self-powered system uses ] 


; 


have accuracy 


de generator with virtually ut | 
life The 44 in. panel-mounted meter 
hielded Pa kage ( ists f indi 
tachometer generator, 15 ft of conne 
able and mounting and coupling acces 
sories. Price is $107. Delivery from stock 
Servo-Tek Products Co, 1086 Goffle Rd, 
Hawthorne, NJ. 

Circle 309 on Reader Service Card 


Air-hardening tool steel .. . 


has additive of minut uniformly 


persed alloy 


vine f Darwin & 
Milner Inc, 2222 Lakeside Ave, Cleve 
land 14 

Circle 310 on Reader Service Card 


sg ngneepnnenny? eee 
wy 
oy a 


Frequency-to-analog 
transducer .. . 


; 


CI Reported t be low in ) 
i 

Pioneer Magnetics Inc, 850 Pico Blvd, 

Santa Monica, Calif 


Circle 311 on Reader Service Card 


Fingertip control valves . . . 
th connections for OD ¢t 


offered in bra 


lating oO! 


are machined from t 
lefion cyl nder packing a d pan 1 me ni 
ng nuts are standard. Whitey Research 
lool Co, 5525 Marshall St, Oakland 8 
Calif. 

Circle 312 on Reader Service Card 
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Job-Rated for the 
Particular Load to 
Give Maximum Performance on Your Job 


ee 


¥y" to 9"" o. t . ph 
cs to 21" ” . » 

© 1500 tb- 

9 to 3000 


NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLINGS 


Y_ on-' 
1/2 


votseticl- 1% to 5100 ft.-tbs- 
5 


MAINTENANCE-FREE INSTANTLY- 
ADJUSTABLE VARIABLE SPEED PULLEYS 


Bores 
Sono. eens W’* to 1%" 


+3 t0 13% 
pate 


Ate 2% Tw 
ob ‘ean 
ww 5 


SHAFT MOUNTED, GEAR REDUCERS — 
ELIMINATE SUPPORTING STRUCTURES 
END ALIGNMENT PROBLEMS 


dels a we 


18 Mo nods RPM. 


ahora to 120 


1) Nominal 
45 7 , Nominal 





Get anaey performance for your equipment. 
Request full information now. 


4841 WEST LAKE STREET * CHICAGO 44, ILLINOIS 
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Roto con 


EMARE 


ASSEMBLERS 






































© Build high strength rod, 

tube, and pipe structures in 
minutes . . . for permanent 

or temporary use. 


© Save costly design and 
machining time on precision 
assemblies and fixtures. 


Speed and ease of assembly, superior 
strength, and infinite adjustability! 
Rotocon assemblers are ideal for 
hundreds of permanent or temporary 
applications with metal rods, tubes, 
and pipe. 

Joint and grip 

Toothed faces of 

paired assemblers 

form rigid joints 

at every 10-degree 

increment, includ- 

ing right angles. 

Tight, all-around grip never burrs, 
scores, or distorts round stock —won’ t 
squeeze tubing out of shape. Only a 
screwdriver or a coin is needed to 
tighten the screw in the nesting nut. 
Snap-clamp snaps on over existing 
structures and fittings. No need to 
take apart existing assemblies to 
make additions. 

Sample offer— Your request on your 
letterhead will bring you a sample kit 
of Rotocon assemblers, free and post 
paid. You have to see them, hold them 
in your hand, and experiment with 
them in your own application situa 
tions to discover the time and money 
they can save you. 


Ay —Tt 
a, += 
S) 5 i, 


A Ss ( { ) QE) NQ 
a yh DDLDD 


Rotocon Division 
UNISTRUT PRODUCTS COMPANY 
935 West Washington Bivd., Chicago 7, Ill. 
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COMPONENTS * MATERIALS * PROCESSES 


continued 


12- and 24-hr clocks .. . 


incorporate concept of mechanical 


fer of numbers by planetary-geai 


Instantaneous snap-ovel of num 
complished by nylon cam and roller com 
pensating device, which mov planetary 
gear. Digits are in full view at 


at all times limin 


| 
read line 

g mot of various 

voltages and frequencies can be used. Pre 

set of hours and minutes is manual. Set 

knob on side is geared to seconds drum 

with step-up ratio of 5:1 Numerals 

2 in. high, white on black for 

minute nylon drums, and eit! 

red on white for graduations 

on second wheel. Mounting dimensions 

are 2% x 22 in.; depth is 4 in. max. 12-h1 

model is $75 with about 3-wk delivery 

24-hr model is $155, with 6 to 8wh 

delivery. Haydon Instrument Co, 165 W 

Liberty St, Waterbury 20, Conn. 
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Multiple programing 
sequences .. . 
are provided by scanner system combining 
photoelectric scanner-relay and adjustable 
electronic timer. Sensitivity ranges are 
from 2 in. to 18 ft with adjustable time 
delay ranges from 1.5 to 30 sec. Scanning 
can be direct or by reflected light. Two 
SPDT relays have pull-in, hold-in and drop 
out characteristics that are determined by 
way unit is connected. Relay-contact rat 
ings are 8 amp noninductive at 125 v a 
System is housed in NEMA No. | case 
Can be connected to any 100-130 v, 60 cps 
line. Farmer Electric Products Co Inc, 
2300 Washington St, Newton Lower Falls, 
Mass. 

Circle 314 on Reader Service Card 


Aluminum oxide insulated 
wire... 

and strip are for high-temperature applica 
tions. Aluminum oxide insulation with 
melting point of 3600 F has voltage break 
down of about 30 to 40 v per micron mm 
0.000,04 in.), is inorganic, will resist 
nuclear and neutron radiation, gamma rays, 
is chemically inert and withstands tempera 
tures below zero and higher than most 
conductive metals. Aluminum oxide film 
insulation is available from continuous 
anodic process. Film is anchored in pores 


continued on page 85 


® 


>) Productivity 30% up | 
' Space 30% down 


s, 











HAMILTON 
deluxe 


Arito-Shift 


drafting tables 


“Increased production 30%"'... “Saved 30% floor space" 

. Reports like these from firms using Hamilton drafting furniture 
indicate the end benefits of the new Hamilton Auto-Shift. Wide 
range of individual board adjustments reduces fatigue and 
creates exceptional efficiency, higher work quality. Every inch of 


the drawing surface within easy reach—seated or standing 


Scientifically seasoned drawing surface. Front-to-back filing 
in full-width drawers. Concealed mechanism controls height; 
slope quickly adjustable to individual needs. Front table, basic 
table, and rear reference desk style-matched. Many more func- 


tional and style features. Write today for complete data. 


PROFESSIONAL AND SCIENTIFIC FURNITURE 


Hamilton Manufacturing Company, Two Rivers, Wisconsin 
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No. 19 of a series 


Do You 
have requirements for 
“Special Gears?” 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Templet Industries, Inc., Brooklyn, 
N.Y., produce steel-rule stamping dies 
that can cut through 1-inch steel plate 

Neoprene ejector springs, conform 
ing to the shape of the die, are mounted 
alongside the steel rules on the base 
plates. Bringing the dies together com 
presses the neoprene. When the dies 
are released, the neoprene expands to 
its original thickness, ejecting the 





stamped part and the scrap 

Needed was a simple method of 
securely bonding the neoprene to the 
metal and wooden base plates. The 
answer? Fast-setting, high-strength 
Eastman 910 Adhesive. The bond it 
makes holds for the life of the dies 
which can run to more than 250,000 


CHECK with eae 910 Adhesive is making 


] 
possible faster, more economical as 


EF hi fe et ' sembly-line operations and new design 
& approaches for many products. It 


1S 


ideal where extreme speed of setting is 
a , , , important, or where design require 
“Fairfield has furnished us with bevel and spur F > 
, ments involve joining small surfaces 
gears for many years and we are highly satisfied , 1 fast nee 
; oe omplex mechanical fasteners or hea 
with their product,” states one of America’s best - * - ‘ 
sensitive elements 
known makers of shovels, cranes, and draglines ; Fact 910 Adi i ‘ 
. 7 . . + € 1an f nesive is use a 1 
in referring to the above picture. Each gear aS os c - € l - . 
(see arrows) is precison produced to match this ome " the pres no he a wv? y 
builder’s specifications for plus value quality. spreac the adhesive into a thin film 
between two surfaces Light manual 
pressure triggers setting. With most 
materials strong bonds are made with 


Making gears to meet exacting specifications 
is our business. The special or unusual require- 
ments you have for design, size, finish, tolerances, 
materials, and heat treatment are often “stand- 
ard” at FAIRFIELD. Here, every facility needed 
is available for production of fine gears EFFI- 
CIENTLY, ECONOMICALLY. LARGE or 
SMALL, your inquiry will receive prompt atten- 


tion. CALL or WRITE. 


in minutes 
art 


t J - _ clon 
YV hat production or desi 


Bonds Almost Instantly 


FAIRFIELD MANUFACTURING CO., INC. with Contact Pressure 
2305 South Concord Road ¢ Lafayette, Indiana No Heat... 
TELEPHONE: SHerwood 2-7353 No Catalyst... 


For a trial quantity (Y%-oz.) send five 
dollars to Armstrong Cork Co., Industrial 
7 y Adhesives Div., 9111 Irvin Street, Lan 
; ! p <r OE E> | s ; Eastman Chemical 
é Ni , caster, Pa., or to 
— saa and ferentials Made to Order for Products, Inc., Chemicals Div., Dept. P-11, 
, > (Not for drug use) 
TRACTORS + HEAVY DUTY TRUCKS + AGRICULTURAL MACHINERY + POWER SHOVELS AND CRANES Ringapest, tenn. Gn ~<a 4 7/E 
MINING MACHINES * ROAD GRADERS * BUSES + STREET SWEEPERS + INDUSTRIAL LIFT TRUCKS See Sweet's 1960 Prod. Des. File, 7/E 
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ivaila t gas i Perma 
luster Inc, 2012 W Burbank Blvd, Bur 
bank, Calif 


Circle 315 on Reader Service Card 


Fuse 
t id 


ga W 


filament is vacuum-sealed 


i it 

| 

} Rat 

ind Thermal Controls 
Inc, 41 River Rd, N Arlington, NJ 


Circle 316 on Reader Service Card 


Pressure-gage protector . . 


va l 


i” an 


Hoke Inc, | lenakill 


tion poimt. P 
weighs 
Park, Cresskill, NJ 


Circle 317 on Reader Service Card 


Automatic-drain air filter .. . 
elf-cleaning nd : . 


dr 11 
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/' One word explains the popularity 
of these switches... 


Dependability 


Denison LOXSWITCH Limit Switches operate with the depend- 
ability of Old Faithful. Oil- and dust-tight features, superior 
electrical characteristics and mechanical design result in 
three to five times longer life than comparable switches. 


~ 





@ 45 CIRCUIT ARRANGEMENTS. 


@ LONGEST CONTACT LIFE due to lowest 
impact of 2.5 grams and minimum “bounce”. 


@ WATER.-, DUST- AND OIL-TIGHT, NEMA 12. 


| @ ONLY FOUR MOVING PARTS. 
Longer life, easier to maintain. 


@ 70° SAFETY OVERTRAVEL 
without use of extra springs or cams. 


@ OVER 150 LEVER STYLES. 








@ LONG MECHANICAL LIFE 
nylon latch mechanism. 


@ 600 VOLT INDUSTRIAL CONTROL RATING. 
@ COMPLETELY ISOLATED CIRCUITS. 


@ 6° TRIP DIFFERENTIAL, 
50° overtravel in both directions. 


@ PRECISION REPEATABILITY + .001”. 
@ WATER-, OIL-, DUST-TIGHT — NEMA 12. 


@ FULLY INTERCHANGEABLE 
with thousands of existing layouts. 


BOTH MODELS AVAILABLE WITH PLUG-IN CONVENIENCE 


Write for literature describing our complete sine. 
Address R. B. DENISON MFG. CO., 386 Broadway, Bedford, Ohio 


DENISON LOXSWITCH 


Wire with LOXSWITCH and you wire for good! 
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To provide greater locking strength, the " : : Suitable for all 4” to 
J & J “Vertilok” side brake features a vertical _ aT a 6” rubber wheels, 
cam action and a specially formed brake ’ / ey ' Bg with hord or soft tread; 
shoe which contacts the maximum tire tread Ba i tee! dice replaceable 
area. A slight press of the toe and the “ ye yng pte 
wheel is securely locked... or completely Satine: dettenn oi 
released, Provision is made for adjustment of > ‘ standard 4” x 4” 

the braking action to compensate for wheel é ; top plate. 

or tire wear. Simplicity of design and rugged 

construction assure long, trouble-free life. 


5” and 6” diameter; also 


Sold Through Quality Dealers 


> > . | s : 4 d CY ‘ 5 . MM: <7 eT: 
Jarvis &) arvis, Inc. | 3" com” 
D 


PALMER, MASSACHUSETTS 
IN CANADA: Jarvis & Jarvis of Canada, 1744 William St., Montreal, Que. 
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MAYLINE 








Christmas 


Gift 


PROFESSIONAL DRAWING KIT Suggestions! 





For those personal gifts at 
Christmastime may we sug oi _ 
gest Mayline drafting equip . f 


ment and supplies 








The Professional Drawing Kit 
and Carrying Case is an 
ideal combination 


MAYLINE 
SNIIAVH 


For complete information on 
all products see your local 


dealer today! GEM PEDESTAL TABLE 
NEW 88-PAGE 


CATALOG AVAILABLE 


Write Before Next Tuesday! 





ALLENAIR CORP., 255 East 2nd St., Mineola, N.Y. "©" 


Mayline Co., Inc. 


607 No. Commerce St. 


Name 
Company 


Addre . . 
Bie MASTER TABLE Sheboygan, Wisconsin 


Zone State 











MAYLINE 
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continued 


ential pressures above and below neopren 
diaphragm seal poppet valve with snap 
action against upper and lower seats. Dur 
ing travel between poppet seats, air blows 
out accumulated moisture and solid par 
ticles that have previously drained into 
sediment bowl. Lower end of unit is 
threaded 4-in. male pipe for attachment of 
pipe or hose to drain away condensate 
Available in }, % and 4 im. full area pipc 
sizes. Priced from $16.75 to $27.75 
Shipment from stock. OEM Equipment, 
19560 Center Ridge Rd, Cleveland 16. 


Circle 318 on Reader Service Card 


A NEW CONCEPT 


IN HEAT RANGE... 


yy PPV 


HEATER LIFE 


Watlow’s FIREROD combines in one 


unit the best of all those factors most 








often sought in an electric cartridge unit: 
its the HOTTEST heater going (gives 
you 5 times more heat than any standard 


. ; » ; oT ‘ ; 7 > Pp 
Compressed-air filters... unit, yet offers an amazing heat range up 
for use with pneumatic instruments and to 1500°F and higher) . . . the LONGEST 
controls and ait-operated equipment of all LASTING cartridge operating at any 
kinds employ coalescent action. Max flow 1 i f : 
rates range from 20 to 20 fm. Pipe temperature (will out-live, out-perform 
sizes range from } to 2 in. Filters use 5 to 10 ordinary heating units) . . . and 
down-flow wet-cartridge filt« ring Incom the most DESIGN-WISE cartridge avail- 
ing air passes downward through scrubber 


oti thes midentien Main tn COU, of oll able today (the same heat you'd get in a 


mist and fog of oil and water, as well as standard unit, in 1/5 the space), 

solid particles. It then flows through pol , 

isher cartridge that removes remaining ee 2 Brie So... whether you're looking for high 
liquid particles. Both cartridges are dis ‘a 
posable. One standard size fits all filters a ee a ee , <® 
King Engineering Corp, PO box 735, Ann ng cartridge heaters — you'll want to learn 
Arbor, Mich. bs sake more about the FIREROD. WRITE for 

Circle 319 on Reader Service Card tg % FIREROD BULLETIN #367. 


concentration of heat or longer-lasting 


Incandescent indicator light 


is miniature unit with built-in transistor SFE ee ea 
flip-flop that operates directly from low ; : . 
voltage supply sources and low logic volt ae 


age levels. Transistor flip-flop, housed in 
black anodized aluminum case, 4 in. dia 


x 1% in. long, has set and reset for switch Bs ener oe 

ing indicator light on and off and will g te W A f k oO Wwe 
switch 2 microsec pulse with input of 1 

milliamp, Indicators are supplied for 5, ELECTRIC MANUFACTURING CO. 
6, 8, 10, 12 or l4 vy, positive or negative, b> 1392 Ferguson Avenue 


Tubuler Cylindrical 


and with supply current drain of 20 or 45 St. Louis 14. Mo 
» . , . 


continued on page 89 


PRODUCT ENGINEERING - NOVEMBER 7, 1960 CIRCLE 87 ON READER SERVICE CARD 87 





Selas saves thousands 
of maintenance hours 
on combustion controls 


a he. 
ee 


Reevecote synthetic diaphragm goes into place on pressure 
governor section of Selas Combustion Controller. Reevecote 
has more than doubled the service life of diaphragms on 
these units. 


with REEVECOTE 


SYNTHETIC DIAPHRAGMS 


By switching from leather to synthetic diaphragms of 
Reevecote in its Combustion Controllers, the Selas Cor- 
poration of America saved thousands of maintenance 
hours. They also improved the accuracy of these units. 


Problem: Originally, leather diaphragms were used in 
the mixing valve and in the pressure governor of the 
compressor. These two diaphragms required the most 
frequent maintenance of all parts in the unit. The leather 
had a tendency to dry out, stiffen and crack. Accuracy 
was impaired. The leather required frequent oilings and 
service life was limited to less than 12 months. 


Solution: Selas switched to synthetic diaphragms of 
Reevecote 7134 and 7028, made by the Vulcan Rubber 
Products Division of Reeves Brothers, Inc. After 2 years 
of service, diaphragm maintenance has been practically 
nil. The Reevecote diaphragms retained their flexibility, 
did not dry out, required no oiling. Accuracy improved 
and thousands of maintenance hours were saved. 


If your design calis for any type of diaphragm — any use 
of coated fabrics — choose from over 200 styles of Reeve- 
cote — the most complete line of synthetic coated fabrics 
for industry. Write for new Reevecote Catalog. 


REEVES VULCAN 


Reeves Brothers, inc., Vulcan Rubber Products Division 
1071 Avenue of the Americas - New York 18, New York 


88 CIRCLE 88 ON READER SERVICE CARD 


DYNACO 
MASTER 
CATALOG 

F-128 
128 PAGES! 


LISTS OVER 
50,000 DYNACO 
COMPONENTS 
AVAILABLE FROM STOCK! 
Gears ¢ Shafts ¢ Differentials 


Transmission * Speed Reducers & Gearheads 


DNUUME 
GEAR CO. INC. 
AMITYVILLE, 


NEW YORK 
CIRCLE 208 ON READER SERVICE CARD 


SPEED 
SELECTOR \ 


VARIABLE * 


ela ice] Ms) ol-1-10 els 
Variety of Machines 


— 
Mowers and 
Tractors 


Equipment 
P- 


Machine Tools Materials Handling 


Wide Speed Range! Low Cost Sheaves 


Speed Selector Sheaves can 
give your machines or equip- CATALOG 
ment extra wide-range speed FREE! 
control on fixed centers. Effi- WRITE 
cient, rugged, simple to ue — TODAY 
low in cost! Write for Illustrated 

Bulletin. > 


od 9 SO) 2 om he) | Com 
P.O. BOX 312-F « CHAGRIN FALLS, OHIO 
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simad 
milliamp. Lenses at ffered ! f 
olors. C & K Components Inc, 101-103 
Morse St, Newton 58, Mass 

Circle 320 on Reader Service Card 


Pressure-gage accesso 
protect gages agaist it 


ries . 


SUPER TRUSTEE CONCRETE Bi 
MACHINE B T BY THE GENE 
core ADRIAN, MICHIGAN 


tempcrat 


vithout tem it 


rew n standard i thread gag 
US Gauge, Div of American Machine & dependable 


Metals Inc, Sellersville, Penna RACINE 


eee hydraulic hedge 


REDUCES UPKEEP AND DOWN. 
TIME BY AS MUCH AS 80% 


RACINE HYDRAULIC EQUIPMENT 

the heart of our concrete block ma 
chines,” says C. S. DeLamater, sale 
manager for The Gene Olsen Corp 
another satisfied user of RACINE PUMPS 
ind VALVES exclusively since 1949 
Besides the tremendous savings in operat 
ing hydraulic illy-designed concrete block 
machinery, the firm emphasizes the advar 


tage of s sified control of oil circulation 
Low-cost ac panel meter .. . ag? CE SeenON Comte, af ot “x 


RACINE VARIABLE VOLUME PUMPs. They 
as a racy of = t f i 


only the oil required to do the job 
of pressure oil no heating. Thus 


horsepower, operation economies 


, Racine Hydraulics & Machinery, Inc. 
NWF cine. wisconsin 
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EXAMPLE # 
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NEW GLACIER 
DU* DRY 
BEARINGS 


greatly improve 
transmission design 
of Harley-Davidson 
“Topper” 


Used at vital locations in the 
transmission assembly, DU dry 
bearings reduce friction and 
wear to the absolute minimum 
on the latest addition to Harley- 
Davidson’s fine motor scooter 
line. DU dry bearings solve 
another problem, too—the ac- 
cumulation of dirt and grime 
in the transmission lubrication. 
DU material requires no lubri- 
cation whatsoever, and will last 
many times longer than other 
dry bearings. 

DU metal is an ideal bearing 
material. It withstands much 
higher velocities, runs much 
cooler at lower speeds than 
other unlubricated bearings . . . 
has a compressive strength of 
51,000 p.s.i. DU metal is 
applied without the need for 
temperature-limiting adhesives 
... Will withstand from —328°F 
to +536°F. 


Apply DU material to appli- 
ances, automobiles, aircraft, 
farm and industrial machinery, 
office equipment. Standard 
bushings and thrust washers 
stocked for 34” to 2” shafts; 


O CK 


strip available for special fabri- 
cation. Find out more from 
your bearing manufacturer, or 
write for engineering catalog 
DU-458. Special Products Dept., 
United States Gasket Com- 
pany, Plastics 
Division of Gar- 
lock Inc., Cam- 
den 1, New Jersey. 


*Trademark, Glacier 


Metal Company Utd 





COMPONENTS + MATERIALS + PROCESSES 


continued 


}) il When mounted behind panel, 
single external bulb provides illumimation 
for use in dimly lighted areas. Daystrom 
Inc, Weston Instruments Div, 614 
Frelinghuysen Ave, Newark 12, NJ 


Circle 322 on Reader Service Card 


High-performance switch . . . 
sealed against dust, oil or moisture 
Case-halves are permanently sealed to 
gether and flexible silicone boot seals clear 
ince between case and operating button 
furnished with plain button 
hinged lever actuator or hinged roller-lever 
ictuator. Switches are UL- and CSA-listed 
for SPDT operation at 15 amp, 125/251 
ac, } hp, 125 v ac o1 14 hp, 250 va 
Quick-connect terminals are standard. Uni 
max Switch Div, W L Maxson Corp, Ives 
Rd, Wallingford, Conn. 


Circle 323 on Reader Service Card 


Acrylic plastic front meter . . . 
has wide-angle extended scale. Availabl 
in standard milliammeter, ammeter and 
voltmeter ranges with accuracy of 1% 
of full scale 


suspension design, which eliminates fri 


Also incorporates taut band 


tion by eliminating pivots, jewels and 

hairsprings. Hickok Electrical Instrument 

Co, 10609 Dupont Ave, Cleveland 8. 
Circle 324 on Reader Service Card 


Environmental connector . . . 
is circular unit with resilient silicone rub 
ber inserts that seal throughout extremes 
of temperature and pressure, Crimp-styl 
contacts are removable, basically designed 
to performance requirements of MIL-( 
26636. Presently available in 
with strain relief clamp hardware, if d 
sired. Connector is said to meet environ 
mental requirements of MIL-C-2650( 
Methode Mfg Corp, 7447 W Wilson Ave, 
Chicago 31. 

Circle 325 on Reader Service Card 


55 contacts 


Rotary bin activator . . 

applies vibrating motion directly to mate 
rial and not to bin walls containing mate 
rial. Hermetically sealed and said to re 
quire no maintenance, it is applicable 


continued on page 
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REULAND MOTORS 


“Molded Horsepower’ 


.-.N0 longer must you “make something do!” 


Just as a famous artist molds each illustration to his need... 
SO, too, can you now have an electric motor exactly tailored to 
the needs of your equipment. Not just another motor that can 
be “made to fit” but a complete power package with all desired 
electrical and mechanical characteristics built right in. 

Reuland “Molded Horsepower” is a natural outgrowth of the 
famous “Xpandable” design idea originated by Reuland many 
years ago. Through this technique, motors, brakes, fluid 
couplings, gear reducers and similar devices are available in 
an almost unlimited number of combinations... all standard 


MODERN POWER FOR MODERN-DAY PRODUCTS 


all in lightweight, cool-running aluminum frames! 


REULAND MOTORS 


PRODUCT ENGINEERING + NOVEMBER 7, 1960 


to fit your equipment 


units assembled within a single frame and tailored to your 
specific application 

Only Reuland offers such a wide background of experience in 
tailored power packages. No wonder Reuland is also the 
“number one” supplier to many of the top original equipment 
manufacturers in America! 


Our new &-page 
atalog, No. GS8-30-0 
will come in hand) 
Sent complete wit! 
prices and engineering 


drawings on request 


Refer to Sweet's Product Design, Sec 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, Calif 
EASTERN DIVISION: Howell, Mich 
Distributors in all principal cities 
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Investigate this wide choice of 
PUSHNUT FASTENERS 


to speed up and cut costs of Assembly 


Eliminate these costlier 


parts and operations 
«SIMPLY PUSH ON 


plain rods, axles, studs or pins. Ce) 
e Easy, fast assembly with A 
manual tools or high speed 


air hammers yo vi 
. Cotter aps Drilling Holes 


Th aa 
y 


Threaded Parts 


e Tight, vibration-proof grip. Annular Grooving 








L a 





ce ae 
ee ' «< 
Se 


ROUND FLAT TYPE 
WASHER CAP TYPE 
Style PS. Low-cost space-saving 


Style PW. Covers rod ends wi spring steel retainers push on plain rod 
nooth, rugged cap. Made of one- or axle, providing strong, firm reten 
heavy gauge spring steel witl tion of parts, seated or unseated elim- 
ful gripping action Always inate notching, grooving drilling and 

lign perfectly. Various designs and cotter pins. Sizes for 
s in sizes for 3%" c? a” <” wy <” .", %” and ” dia. rod 
" dia. unthreaded 
Style PV. Light duty 
retainer with flexible 
spring gripping teet! 
for easy assembly with 


fingers. For rod dia 
. and 7%" 
Ye 
cc) ¥ é 
~~ ARCHED 


Style PC Style PK RECTANGULAR TYPE 
ACORN TYPE Style PH. Push on 


unthreaded studs to assure tight, vibra- 

rative appearance 1d tion-prool assembly ol ornaments 
fastening or medallions, nameplates and other 

parts. Grip tight on hard chrome studs 

Sizes for 14", *<%,", of ‘” and 

dia. studs 





Write for Free Samples and Data, stating type, size and application. 


THE PALNUT COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 
65 Glen Road, Mountainside, N. J. 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 
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nued 


ill part bin interior. Vibra Screw 
Feeders Inc, 156 Huron Ave, Clifton, NJ 
Circle 326 on Reader Service Card 


4-speed auxiliary 
transmissions 


in 


t Fuller Mfg Co, Kalamazoo 
Mich 
Circle 327 on Reader Service Card 


Remote-control valves . . 
tomate opening, closing and t 
in Used in conjunction 
vitch or sequel 


human 


r tubing, which 
ontroller. Both typ 
ally in event of electrical or h 
draulic power failure. Febco Inc, 1993 
Blake Ave, Los Angeles 39 
Circle 328 on Reader Service Card 
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Heavy-duty bin vibrator .. . 


regulates and teady flow of 


maintam 


materials by double-impact tem in which 


vibrator hammer strike ivil at 


ind bottom of stro 


both top 


hammer 


t equivaicnt 


} scadl and 
Eriez Mfg Co 

rie 6, Penna. 
Circle 329 on Reader Service Card 


High-volume whiteprinter . 


" d i 1 


i ya l 
Ozalid Div of General 
64 Corliss 


Aniline 
John 


‘PP 

and Film Corp 

son City, NY. 
Circle 330 on Reader Service Card 


Lane 


Vertical blueprint file . . . 
32 x 36 in. deep — 


( ind 


ind 
losed. Hold up t lividual sheet 
Momar 4176 W Montrose 
Ave 


Industries, 
Chicago 31 
Circle 331 on Reader Service Card 


Servo development kit . . . 
im Size A consist f pel } itlv |} 
group of standardized 


mponents fron wl 


ind gear 


chanism 


idjustabl 


ind design 


} 
rial 
>400C are said t 


of anodized aluminum rrosion 
ABE 
Kit is 


resistant steel 
Class 
SO9U 


Ballbearings 
orrosion-resistant steel 
Precision Mechanisms Corp, 5 

Newbridge Ave, East Meadow, NY. 
Circle 332 on Reader Service Card 
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COUNTERS 
LECTRONICS 
ND INSTRUMENTATION 


PIC-600 quiet electric counter offers 
great advantage for low level DC circuits - draws only 
.14 amperes from 30-volt transistor circuit. 


QUIET OPERATION Effi lit and 
action result in smoother operation with re 


lent magnetic ¢ in 


knob reset 

paneimount 

PIC -600 

mounting holes on 

062 « 1 05 centers 
l( LLe 


10C 
speed 


atior 


Also a 
quads, et 


TURNS COUNTER FOR POTENTIOMETER 
Gives hundredth turn reading 
fingers are on adjusting knob. Registers to 
999 and repeats. Friction lock se 
Available with dial light 
remote operation. 


visible whe n 


ures s 


ting and 


—_—_.S 


INDEXING METER WITH SWITCH 
Developed for 
corders. Switches are actuated automatically 
for which the 

lt. Many variations available for 


use with wire and tape re 


at hxed index numbers” 


e of application 


OW BACK-LASH COUNTER ASSEMBLY 


Rugged, add-subtract revolution counter as 
semblies widely used as indexing registers 
for potentiometers, variable capacitors and 
other digital readout requirements. Wide 
choice of optional features 


7-DIGIT REVOLUTION COUNTER 
Non-reset. Adds or subtracts 
shaft Toy ! 
shaft rotation. Totally er 
housing. Availa 
for flexible shaft drive 
Ques 


re volution 


e seals 


Actuators and Aut 


GENERAL CONTROLS CO. 


8072 


Representatives and Distributors in Principal Cities of United States and Canada 


McCormick Boulevard, Skokie, Hlinois 
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FREE CUSHIONS 


a When it’s a 


a Question of 


” 
“0 RINGS in any material or 


special compound for every 
service condition required. 


“ALL MEAD Dura-Life CYLINDERS — WPACKINGS 20° sossscsnons 


New line of Mead air cylinders, with Also gaskets and 2S€St0S, teflon, etc. 
16 sizes, mounts. Larger-than- DOUBLE washers in over 

ever ram bearing holds strict 200 materials. . . 

alignment, eases friction. CUSHIONS 

Quick-detachable bearing at 

cartridge to replace ram seals NO 


in minutes. Adjustable, con- y 

vertible cushions, non-cush- EXTRA Look for 

ions or semi-cushions at either 

me both ends. Universal cylin- cosT the Answer at Auburn set 


ders with interchangeable mounts (200 Send us your specifications or blueprints. You'll receive 
PSI). Millions of cycles prove they will take prompt quotations and recommendations without obligation 


it. Get complete data from... THE AUBURN MANUFACTURING Co. <g> 


306 Stock St., Middletown, Conn. a” 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, IIl.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D.C 
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pe. @ 


4114 N. Knox Ave. 
Dept. 1480 
Chicago 41, Illinois 











IT’S EASY 


WITH KAMLOK QUICK COUPLERS 


You save production time .. . when you 
replace time-wasting hose and pipe con 
nections with Kamlok Quick Couplers. No 
tools needed. Your operator can do the job 
himself, Just fit together and pul! the two 
cam arms down, Use them wherever your 
hose or pipe connections are periodically 
uncoupled (once a week or oftener). We 
probably have one to fit your needs. Why 


not send for more information? Inquiries 
For complete information, ask for catalogs BX, CX and SP-S09K are invited 


VIKING PUMP COMPANY 


Cedar Falls, lows, U.S.A. In Canada, It's ‘‘ROTO-KING’’ Pumps 


4 
See Our Catalog in Sweet’s Product Design File 6013 Wiehe Road 
Cincinnati 13, Ohio 


94 CIRCLE 94 ON READER SERVICE CARD CIRCLE 212 ON READER SERVICE CARD 





Fastest — safest - surest couplings known 














Engineering 
Thermodynamics 


NEWMAN A HALL, WARREN IBELE. Prentice- 
Hall Inc, Englewoed Cliffs, NJ. 6 x 9, 640 pp 
$10.50. 


This college text has a unique ap 
proach with a completely new pat- 
tern of emphasis, and includes re- 
sults of years of research by the au 
thors into the behavior of fluids. It 
has a rather independent point of 
view, especially wherein the thermo- 
dynamics of solids and magnetic fields 
becomes as complete as the thermo- 
dynamics of fluid substances. At the 
beginning of each chapter is a lucid 
explanation of the background for each 
topic. 

Comprehensiveness is indicated by 
titles of some unusual chapters: Fluids 
Solids, 


Proc esses 


Processes 
with 
Varying Composition; Chemical Re- 
actions; Fluid Flow. All of the usual 
chapters (first and second laws, etc.) 
are also included. 


(gases & Liquids); 
Phase Equilibrium; 


Polystyrene 


WILLIAM C TEACH, GEORGE C KIESSLING. 
Reinhold Publishing Corp, 430 Park Ave, New 
York 22. 5% x 72, 176 pp. $5 

This book is an introduction to the 
properties, manufacture and use of 
polystyrene lhe approach is semi- 
technical, and the text is aimed at 
engineers, students. 
Physical and chemical properties are 
explained, including a simplified dis 
cussion of polymer chemistry. Stress is 
on uses of polystyrene, but well known 
and new fabrication processes are also 


discussed. 


designers and 


Endurance Tests of 
Rolling-contact Bearings 


WALP, REMORENKO, PORTER. (WADC Tech- 
nical Report 58-392) AD-212904, Office of 
Technical Services, Dept of Commerce, Wash- 
ington 25, DC. 8 x 11, 76 pp. $2.25. 


(Full title: “Endurance Tests of 
Rolling-contact Bearings of Conven 
tional and High-temperature Steels 
Under Conditions Simulating Aircraft 
Gas-turbine Applications.”) 

Endurance tests of rolling-contact 
bearings of conventional and high- 
temperature steels were conducted at 
two temperature levels and at normal 
and high speeds. Test results indicate 
that the fatigue life of the high-tem- 


perature steels is materially increased 
by vacuum melting. High-speed ball 
bearings, alike in all respects except 
for ball-diameter variations, were 
tested at high speed to study dimen 
sional effect on endurance life. Re- 
sults of the endurance tests indicate 
no correlation of individual bearing 
life with observed dimensional varia 
tions for the same bearings. 

To provide a means of determining 
the fatigue properties of materials 
without using complete bearings, sim- 
ple specimen-testing machines were 
designed and operated. Results of 
these tests, based on median test lives, 
seem to indicate some correlation with 
the lives of deep-groove bearings made 
from the same materials. 


The Theory of Space, 
Time and Gravitation 


V FOCK. Pergamon Press, 122 E 55th St, 
New York 22. 6 x 9, 411 pp. $15. 


Covers both special relativity and 
what is usually called general rela 
tivity. Its earlier chapters present 
standard theory at a level at which it 
can serve as a textbook for final-year 
students in mathematical physics as 
well as research students. The remain 
ing parts of the book are on postgrad 
uate level, but nevertheless the subject 
matter is presented with the detail of 
1 textbook rather than a special trea- 
tise 


Other Books of Interest 


Some Elevated-temperature Proper- 
ties of Precipitation-hardened lron— 
Aluminum Alloys 


PB 161543. W J Buehler, C G Dalrymple 
Office of Technical Services, Dept of Commerce 
Washington 25, DC. 8 x 102, 16 pp. 50¢ 


Structural Damage in Thermally 
Cycled Rene 41 and Astroloy Sheet 
Materials 


PB 151083. DMIC Report 126. Defense Met 
als Information Center, Battelle Memorial In- 
stitute, Columbus 1, Ohio. Available from 
Office of Technical Services, Dept of Com- 
merce, Washington 25, DC. 82 x 11, 24 pp 
75¢. 


The Surface Chemistry of Metals 
and Semiconductors—a Symposium 
Edited by H C Gatos. John Wiley & Sons Inc, 


440 Park Ave South, New York 16. 6 x 9%, 
521 pp. $12.50. 


continued on page ¥6 
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RELIABILITY! 
VERSATILITY! 


. 


APPLIED DIRECTLY TO THE PART 


OR FORMED AS THE PART ITSELF 


ELECTROMESH 
HEATING 


ELEMENTS 


The ultimate in reliability is obtained with 
this new wire mesh heating element 
Its current is carried by 36 parallel wires 
per inch width of conductor also 30 
wires are imterwoven perpendicular to the 
flow of current. in the event of broken 
wires of partial open circuits, these cross 
wires act as buss bars redistributing 
yrrent, restoring the element to fu 





95 


96 


SMALLEST CUBE 
DIMENSIONS 








LIGHTEST 
WEIGHT 








Q 
© 1000 2000 3000 4000 5000 6000 arm 
CAPACITY CURVES FOR 12 PSIG DELIVERY PRESSURE 


wibEesT 
PRESSURE RANGE 


WITH M-D 3-LOBE BLOWERS 


If space and weight of the blower is a concern 
in your design problem, consider this fact. M-D 
rotary positive blowers because of their unique 
3-lobe design require smaller cubic space than 
any other blowers. A survey shows that a 14 PS! 
M-D takes 3/4 to less than 1/10 the space of 
competitive models . . . and in some cases are 
only 1/10 the weight. 

M-D Blowers operate at wider pressure and 
speed ranges than any other rotary positive 
blower. Capacities of 11 production models 
range from 50 to 4000 CFM, pressures to 14 
PSIG single, 70 PSIG multi-stage. 


For full information write 


M-D BLOWERS, INC., racine, wisconsin 
A Subsidiary of Miehie-Goss-Dexter, inc. 
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DESIGN LITERATURE 


Organo-metallic and Organo- 
metalloidal High-temperature 
Lubricants and Related Materials 
—Part 4 

H Gilman, R D Gorich. Office of Technical 
Services, US Dept of Commerce, Washington 
25, DC. 63 pp. $1.75 


The synthesis and preliminary thermal screen 
ng for 36 compounds is described 


Development and Evaluation of 
Structural Beryllium 
PB 161507. C J Giemza. Office of Technical 


Services, Dept of Commerce, Washington 25, 
DC. 8% x 11, 60 pp. $1.75 


Proceedings of the National Elec- 
tronics Conference, Vol. 15 


National Electronics Conference Inc, 228 North 
LaSalle St, Chicago 1. 6 x 914, 1089 pp. $10 


ABSTRACTS 
FROM THE LITERATURE 


Measurement Accuracy 

Che possibilities of improving the 
isefulness of a measurement instru 
ment by considering the effect of th 
measurement accuracy on the esti 
mated mean and variance of the meas 
ured quantity are discussed. Maximum 
likelihood theory is used to extract 
full information from a set of data 
with different degrees of accuracy 
Measurement Accuracy os a Weighting 
Fector in Statistical Treatment of Data,” D. M 
Aspinwall and J. F. Rey, Lockheed Aircraft 


Corp. Instrument Society of America paper 
66-NY60, 313 Sixth Ave, Pittsburgh 22 


Power-cable Shielding 


Describes a laboratory investigation 


in which resistance, inductance, and 
ipacitance of cables with variations 
in shielding were measured at high 
frequencies, using techniques which 
in general, might permit the simula 
tion of surge conditions. 

Characteristics of Power-cable Shielding,” by 
T. N. Mitropoulos, R. J. Fogel and C. J. Tang, 
Simplex Wire and Cable Co, Cambridge, Mass 


Electrical Engineering, Sept ‘60, 33 W 39th St, 
New York 18. 


Adhesives Limit Strain Gages 

\ survey 1S presented on the man 
ner in which adhesives determine and 
limit strain-gage behavior. It is shown 
that it is not possible today to predict 
gage behavior on the basis of knowl 
edge of the gage construction and 
idhesive properties, although com 
petent research in this area is being 


carried on Adhesive properties as 
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strain-gag 


number of ry pract 


cussed and a 
ind direc 
the 


these 


t operating consequences { 
derived from 


These 


Conclusion 


Strain-gag¢ 


gage user aré 


considerations laws 
re summarized in the 
section of this study. 

Adhesives 
Strain-gage 


They Determine and Limit 
Performance,” K. Stein 
Arizona State Univ. Instrument Society of 
America paper 7-NY60, 313 Sixth Ave, Pifts 
burgh 22 


How 
Peter 


CATALOGS 
AND BULLETINS 


To obtain copies of lite 
low circie correspondir 
card inside | 

and bi 


n cor 


ature de 
‘ g numbe 
yack cove or those cata 


illetins available y when request« 
npar etterhea 


WHEELS AND CASTERS—Book 
73 Compar npa 


te t} 


> " 
iat of hv 


| 
4) 


ists most 


haracteristics 


ister m 

Compari 
dimensi specihcation 
ind construction features 
? S Dearborn St, Chicag 


Circle 350 on Reader Service Card 


MOUNTING 
12-G 


ind 


PECHNIQUES— Man 
72 pp. C mat 


mpuiati at rm a 


pecihcation 


ommend 
i 


tions and latest 


Circle 351 on Reader Service Card 


CONTROI 


ELECTRONIC 
{ ce 


S—Cata 
D lopn 
7 nad unpuilse-a 
tuated ntrols vell itrols actuated 
impact 


Include 
] ‘ 


ation diagran 


vy current surge and 


several pages of apph 
controls \Autotron | 


722V, Danville, Il 
Circle 352 on Reader Service Card 


photoelectn 


Box 


CUSTOM-PRODUCED 
760, 


GLASS 


VCT hg 


B 


letin 16 pp ( and 


neering 


manufacturing service, from application 


analysis and formula development through 


mold design and custom production. D 
scribes how special glass products ar 
designed and produced with prope: 


bination of properties t t 


Kopp Glass In 


sp 


Swiss 


mee 
applications ak 


Penna 


| 
Circle 353 on Reader Service Card | 


ACCUMULATORS— 


ymntains 


itak 


FLUID 


23 pp. ¢ specification dimen 


sions and 
lators of | 
includes 


apacity information on a Wm 
Al sc 


and pl 


gai capacities 


pt to 23 
onstruction drawings 


continued « page 


PRODUCT ENGINEERING - NOVEMBER 7, 1960 


| more data in fewer pages than any other brochure... 


| mends specific lamps for specific circuits . . 


A 
LA 


ELECTRIC GLOW LAMPS FOR CIRCUIT COMPONENT USE 


. bamiree 12 WHT Vkminas (E005 PREALLA POST MECTROON Ww 


| 


ry ea | 
28 ae : 


‘ 
Suzs2 


babe 
tne* 
++ 


+ DOAMETER 1.2, TELEPHONE HIDE BANE PARALLEL POST LACTRODE, © 


~ am. —s 


~ Kemere t4 © ( BAYONET BAS: FOREMAN HA! LEC TROOES FF.) 





iGo ORIGMT WES) (Amr 


TARDAED BRIGHTNESS | Amer 


tteeeeetitare 


WANT THE LATEST INFORMATION 
ON GLOW LAMPS AS INDICATORS 
AND AS CIRCUIT COMPONENTS? 


Send for General Electric’s all-new Glow Lamp Guide 
for Designers. It’s free, complete and up-to-date— 


Contains all the information you'll need to help you choose the 
right glow lamp for the job. Gives complete specs on G-E Glow 
Lamps for circuit component and for indicator use. Packs 
recom- 
. covers physical 
and electrical characteristics. Al! this and much, much more. 
Send for your free copy of Bulletin No. 3-0193 today. The right 


number for you to circle is shown below. General Electric Co.., 


Miniature Lamp Dept. M-031, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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Censitive HO 


PRESSURE and VACUUM CONTROLS 


UNITED ELECTRIC’s Type H9 and Type J10 controls 
are highly sensitive precision built pressure and 
vacuum controls designed for applications where 
close on-off differentials and constant repeatability 
are required. Type J10, being uncalibrated, is smaller 
and less expensive than Type H9 which is calibrated 
and has a knob & dial adjustment. 





Specs: 





Various Ranges H9-J10 — between 30” Hg. Vac 


and 15 P.S.1 


H9—% to 1 =e” W.C. de- 
pending upon model 





Switch Differentials 


Jio—% to 1 +%o” WC. de- 
pending upon model 





Switch Ratings Standardly 3 amps 115/230 A.C. 





N.O., N.C., or Double throw, no 
neutral position 


Switch Types 





Electrical Connections | Made to screw terminals on 
switches through clearance hole in 
enclosure 





Pressure Connections | One %” NPT pressure connection. 





Size H9 —7” x 3%” dia. 
Jl0 — 6%” x 3%” dia 





H9 — 3 Ibs 
Jio — 2% Ibs 


Approximate Weight 








UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure, and vacuum controls. For applica- 
tions requiring custom-built units or modified standard 
units, call upon a UE application engineer for recom- 
mendations. Write for complete specification and 
pricing data on the Types H9 and J10. Similar data 
svaileble on all other UE controls. 


C OM P AN 


- United Electric Controls 
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CUT ASSEMBLY TIME 


2-56, 4-40, 6-32, 8-32, 10-32 and 4-20 in 


i“ 


Acid resistant... 
Need no insulation... 
Can't rust... 

Can't corrode... 


stock. Actual production samples wil] 
give you the whole story. Write on 
your letterhead. 


WECKESSER COMPANY 


5705 Northwest Hwy . Chicago 46, Il! 
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can you use this 
miniature d-c motor 





in your product ? 

= OMS, 
TREAPEE 
iy Stee Soa es 


inexpensive, yet high in 
quality, this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c, it is ideally 
suited for many applications such as: drive mechanisms 
in photographic equipment . . . marine navigation equip- 
ment ... portable dictating machines . . . signal-seeking 
radios .. . tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too? 


WRITE FOR BULLETIN F-8792 for specifications and 
performance data. 


BARBER-COLMAN COMPANY 
Dept. K, 1812 Rock Street, Rockford, Illinois 
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DESIGN LITERATURE continued 


sure volume curve on each model. Fluid 
Power Div, Hale Fire Pump Co, Con 
shohocken, Penna 


Circle 354 on Reader Service Card k CONTROL 
CYLINDER-FORCE CALCULATION CENTER 


Chart. Includes chart of effective areas 
and nomogram for force determination ASSEMBLY 
(force = effective area. x pressure). Shelf 
fer Corp, Cincinnati 15. 
Circle 355 on Reader Service Card 


PLASTIC VALVES AND FITTINGS 
Bulletin, 16 pp. Describes various prod 


ucts available in PVC, Includes ap FEATURES 


plication table that rates PVC’s effective 


ness on over 300 fluids; section on ERECTOR SET 


specifications and dimensions of all PVC 


valves and fittings. Walworth Co, 750 SIMPLICITY 


Third Ave, New York 17 
Circle 356 on Reader Service Card WHITH Fir 








SPRING MATERIALS~—Information kit 
Contains data sheets, 8-page bulletin ex 
plaining basic advantages of several dif 
ferent spring materials. Riverside-Alloy 
Metal Div, H K Porter Co Inc, Riversick 
NJ 

Circle 357 on Reader Service Card 


EMCOR 
MECHANICAL - POWER - TRANS ) ie 
MISSION EQUIPMENT — Catalog ! ANDA 
23103, 8 pp. illustrates | STAN RD 


Describes and 
line of mechanical-power-transmission . 
equipment, including drives, pulleys CABINETS 
couplings, motor bases, pillow blocks and 
bushings. T B Wood's Sons Co, Cham 
bersburg, Penna 


Circle 358 on Reader Service Card 
aee9 The ultimate in packaging flexibility is available to help reduce costly 


TRANSISTOR-EQUIPPED TEMPERA design time and custom housing modification. The photographs above 
TURE CONTROLS—Bulletin MC-19 graphically illustrate the ERECTOR SET SIMPLICITY in assembly attained 
S pp. Specifications and features of through the use of EMCOR Standard Cabinets. Speed of assembly is 
four temperature controllers offering only one advantage attained with EMCOR Enclosures. Choose from over 
transistor circuits and thermistor sensing ’ : : 
; 600 basic frames plus thousands of components and associated equip- 
elements. With sketches of various ap ‘ 
plication arrangements. Fenwal In ment of the EMCOR MODULAR ENCLOSURE SYSTEM. Discover for 
Pleasant St, Ashland, Mass yourself, the compatibility which can be attained by using any combina- 
Circle 359 on Reader Service Card tion of frames and components, the lasting and aesthetic beauty of 
cabinet design and appearance plus the proven structural capabilities 
of the EMCOR Fine Line of Quality. Contact your local EMCOR Sales 
Engineering Representative or write for full details today. 


RECEIVER GAGES—Catalog 520, 8 pp 
Gives specifications, information on ma 
terials, construction, sizes and ranges of 
dial-indicating receiver gages. US Gauge, 
Div of American Machine and Metals 
Inc, Sellersville, Penna oven 

Circle 360 on Reader Service Card 


‘ 


= | > ¢ 


2 
——— 

= 
“YY | ete 


we Ea G ndense Version 

. ' ne = } ra FJ _ 
PRINTED CIRCUIT BOARD-Catalog lif Pro of Catalog 106 
sheet, 2 pp. Describes stock, paper-bas« J — 6 : Available Upon 


Request 


epoxy, printed circuit board. Includes a 
applications, stock sizes and prices. Elgin 
Laboratories Inc, Waterford, Penna 


( igi ; > AN < ’ LANCIA. P OV! 
Gute 208 estates Geis Gad Originators of the Modular Enclosure System 


“—W) 
~ 


MINIATURE TRANSFORMERS-—Cata 
log 600, 24 pp. Lists specifications and 


prices of off-the-shelf miniature transform 
continued on page 101 


BORG-WARNER CORPORATION 
630 Congdon Avenue Dept. 1240 Elgin, Illinois 
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from | 


4 MAMMOTH 


tO MIDGET 
HpDecco 
means DEPENDABILITY 
and LONGER SERVICE 
LIFE in INDUSTRIAL 
\ SOLENOIDS 


DECCO solenoids’ unique engineering features and 
top quality materials have greatly extended their 
service life. 

There is a DECCO solenoid to meet your require- 
ments. Oil immersed, push or pull, shock mounted, 
A.C. or D.C., mammoth or miniature, they have 
to be good to be DECCO. Write for catalog. 


Ce | 


2435 Hilton Road * Ferndale 20, Mich. 
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NEW La Salle 


i> a7 :¥, | ell, lem - Yi i-je)] - is 
accurately [ ition any type Mf part or tool for 


machining, grinding and inspection operations 


ADVANTAGES 


Vise Like Grip 
Better Balance 
diene Squareness of Faces 
‘ntin Better Finish 
piss Improved Design 
Closer Concentricities 

No Wobble 

Any Size 


rinding Arbor 








Expanding 
| Sleeve 
Grooves 


Ends expand independently 











txpansion can be different at each end 


No loose or movable parts—centrifugal force will 
not throw arbor out of balance 


WRITE FOR CATALOG SHEET NO. 120 


La Salle machine fal, ie, 


a oe a On ae > | MACHINE imenen' 
21535 Hoover Road . 


*Patent Pending 


Warren Misiidiee 
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OHIO WELD NUTS 


eo” é 


RH NUT WF NUT 
Thread Size 6-32 to %-16 Thread Size 6-32 to %-16 


eo & 


SF NUT WW NUT 
Thread Size 5/ 16-18 to 2-13 Thread Size 6-32 to %%-16 


OHIO flanged weld nuts provide extra-long 
thread engagement and are ideal for assem 
blies requiring strong primary fasteners. They 
can also serve as spacers or bearing surfaces 
where required 


Somples and information furnished upon request 


THE OHIO NUT AND BOLT CO. 
41 FIRST STREET BEREA, OHIO 
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DRUM CAM 
precision milled 
or ground 


“ the world’ Sleadin 
A Manufact 9 

Urer 

LANDING GEAR CAM 
Eonic is regularly supplying 
Landing Gear, Drum, Pump, 
Face, Cylindrical two and 
three dimensional Cams to 
manufacturers 
the world. 


throughout 


PUMP CAM 


Design Analysis and Engineering Services Available. 


EONIC... 


459-B E. Hollywood « Detroit 3, Michigan 


Write for 
catalog 
and additional 
information 


ork: 


ae! 
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HANNIFIN 
has a faster, 
more rugged 


AIR MOTOR 








Truly a conve 
the Hannifin & 
bines a ruggé 
double-acti 


trols make i 
slow either of DBE 
Mounting di 
change with me 
applications. 
livery in “ 


ARKER 
ANNIFIN 


CORPORATION 


PNEUMATIC ano Hyorautic 
SYSTEM COMPONENTS | 
NO 


HANNIFIN 
COMPANY 


A DIVISION 
525 South Wolf Road 
3155-PH « Des Plaines, Hlinois 
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DESIGN LITERATURE cor 


tinued 


Micro 
Valley 


With dimensional diagrams 
tran Co Inc, 145 E Mineola Ave 
Stream, NY 

Circle 362 on Reader Service Card 


ALLOY IRON 
tin 158, 8 pp 


PROPERTIES 
Charts 


Bulle 
mechanica 
properties, physical properties and chem 
al composition of various certrifugally 
ast irons. Also describes and ilustrates 
omponent parts and assemblies produced 
centrifugal method Centrifugally 
Cast Products Div, Shenango Furnace Co 
Ohio 
Circle 363 on Reader Service Card 


Dover 


ROCKER-TYPI 
Bulletin, 2 pp 


FOOTSWITCHES 
Specifications and de 


riptions of maintained contact and 


single and two-stage momentary foot 


switches. Linemaster Switch Corp, 432 
Woodstock Terrace, Woodstock, Conn 


Circle 364 on Reader Service Card 


DOOR INTERLOCK 


Data sheet 178, 


SWITCHES 
2 pp Includes phot: s 
nounting dimension drawings, mechanical 
haracteristics, electrical ratings and prices 
f three series of door interlock switches 
vith thermoplastic actuating rods. Micro 
Switch, Freeport, Ill 


Circle 365 on Reader Service Card 


MINIATURE PRECISION DIFFEREN 
rIALS—Data l 
pp each. Cover design features, specifi 
ations and dimensions of solid and hollow 
haft differentials, respectively. Empire 
Flight Components Inc, Merrick Rd, Bell- 

more, NY 
Circle 366 on Reader Service Card 


sheets 2001 and 300] 


BRAIDING PRODUCTS-—Catalog, 4 pp 
of flat, oval com 


braid 


Presents characteristics 
Includes ap 
glossary ot 
hielding and braiding terms. Alpha Wire 
Corp, 200 Varick St, New York 14 


Circle 367 on Reader Service Card 


vercial and tubular 


lication information and 


i 


MECHANICAL SHAFT SEALS—B: 
hure SS-607, + pp Specific itions 
dimensions and construction information 
for mechanical shaft seals for rotating 
shafts. Installation diagrams s 
Syntron Co, 24 
Lexington Ave, Homer City, Penna 


Circle 368 on Reader Service Card 


ow variou 


seal models in us¢ 


LETTERHEAD REQUESTS ONLY 


Manufacturers wh« published follo 
terature asked that requests for copie 
made on company letter 


ALL-METAL FLEXIBLE 
log ID-100D, 20 pp 
fications and application information, to 
gether with 


HOSE—Cata 
Descriptions, speci 


coupling recommendations 


continued on page 102 





How to 
improve 
equipment 
designs 


... Add a supplementary 
light and you might 
well have the answer 


Proper illumination of work areas is 
a necessity if operators are to get the 
most out of equipment. Stocker & Yale 
and O. C. White supplementary lights 
give the illumination they need . . . clear, 
concentrated, high level, glare-free. And, 
too, these lights add a profitable selling 
feature at very little extra cost. 

There’s a Stocker & Yale or O. C. 
White Light just right for every require- 
ment: standard or special * fluorescent 
or incandescent * choice of arms, bases, 
switches, ballasts, reflectors * available 
with optically ground magnifiers * sealed 
units for protection against dust, oil, etc. 
* arms easily adjustable * advanced 
electrical and mechanical designs * high 
quality construction and manufacture. 


Engineering Assistance — on spe- 
cial applications, or where you have a 
problem, let our engineers provide the 
answers. 


O. C. White Lights distributed nationally by 
©. C. White Sales Co., Marblehead, Mass. 


STOCKER & YALE 


Lite-Mite Lights — O. C. White Lights 
Want [] Catalog of standard lights 
Details? () Special requirement outlined 

in letter 
Just clip to your letterhead, sign and mail to: 
STOCKER & YALE, INC., 46 Green St., 
Marblehead, Mass. 
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for pumps as individual 
as a fingerprint! 


oe 


- 


SPECIFY 
NORTHERN 


Northern designs and builds quality into every pump. For each 
application, materials are selected with infinite care—gears 
with ground tooth form for perfect contact, correct clearances. 
Meticulous inspection at every stage in the manufacturing 
process assures efficient, economical, lasting service for even 
the most difficult pumping tasks under rugged conditions, in- 
doors and out, year after year. 

Northern Nitralloy Pumps are available in capacities from 
4 to 146 GPM at pressures up to 2000 PSI. Within this range 
there is a pump as individual as a fingerprint — as “special”. 


as you want it. 


Write today for free catalog and engineering data. 


Northern Ordnance Incorporated 
Subsidiary of NORTHERN PUMP COMPANY 
Minneapolis 21, Minnesota 


ALL-POSITION 


\ CHECK VALVE 


METAL POPPET 


For steam, hot 
or cold water, 
oil, gas, and 
compounds. 


Designed for rugged service. Also 

available with Buna rubber poppets for 

use with air or cold water. Sensitive in 

operation. Work in any position. Made 

in seven sizes, 200 lbs. pressure. We 
will design special Check 
Valves; tell us your 
needs. Write for Bulle- 
tin Zul and prices. 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE INDIANA 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 


UNDISPLAYED RATE 


line, minimum 32 lines. Position 


ads in this style “% the above 


To figure advanced payment count 5 
rds t ’ : 





DESIGN LITERATURE continued 
for all-metal flexible hose Universal 
Metal Hose Co, 2133 S Kedzie Ave, 


Chicago 23. 


SOLENOIDS, COILS, TRANSFORM 
ERS—Catalog, 20 pp. Performance charts 
features and specifications of various sole 
electrical 
Illustrated with dimensional 
drawings and photos. Anderson Controls 
Inc, 9959 Pacific Ave, Franklin Park, II 


noids, coils, transformers and 


components 





FOR MORE CATALOGS 
AND BULLETINS .. . 

1600 of ’em—see yout copy 
of Product Engineering's Mid-Sep 
Digest There you 
will find helpful design literature, 
10 different head 
ings, from important manufacturers 


60 Design 
lassified under 


and suppliers of components, mate 
rials, power and control systems 


manufacturing processes 
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Classified Adv. Div. of this publication 
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POSITIONS VACANT 


Chief Designer: One of the largest national 
manufacturers of quality lighting fixtures for 
commercial, industrial and institutional ap- 
plication. Must be conversant with all 
materials and technology pertaining to the 
design, development and manufacture of 
fluorescent lighting equipment. Should have 
creative ability. Locate in Southern Cali- 


| fornia. Salary excellent, commensurate with 


experience. Send resume in confidence to 
P-5329, Product Engineering 
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REPRINTS 


Reprints currently available without charg¢ 
ire listed on the Reader Service Card 


ound in this issue. Single copy fre 


} 


quantity prices on request 

I'he following special reports are avail 
ible as long as the 
Reader Service Dept., Product Engineer 
ing, 330 W 42nd St, New York 36. Pleas 


remittance with 


supply lasts, from 


nclose order; we pay 


postage 


R48—Reinforced Plastic Parts 
Combined reprints of 11 articles 
ign data on the 


des seven processes 


ommercial parts, 64 pp 


R69—Human Engineering 
Series of 14 articles with design data on 
man-machine problems, plus 


+4 pp 


bibliography 
$1.50 


R66—The European Engineer Talks 

Che challenge to American proficiency in 
design for production disclosed by inter 
views with technical directors in six coun 
trie 2 y 

ries, 24 pp $1 


R16—Plate Cam Design 
Series of 7 
data; curve blending and profile synthesis 
to reduce inertia, 48 pp $1 


articles with compiete design 


R65—Reading, Writing, Reporting 
Combined reprint of 
reading; 8 steps to better writing; 7 


5 steps to faster 
steps 
to better reporting, 24 pp $1 
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3 WAYS BETTER 


ALBION'S NEW 
SERIES 16 CASTERS 


Another completely new . . . completely practical 
Albion industrial caster series developed to serve a 
— a of applications. Conservatively rated 

ium duty casters, yet constructed for longer, 
better . . » heavy duty, maintenance-free service 
They're three ways better, and here's why: 


], More capacity 


The new Series 16 Casters offer Albion's finest, most 
dependable construction advantages such as ‘‘cold- 
formed” steel yoke base and top plate with heat-treated 
raceways for smoother, lasting maneuverability under 
greater capacity loadings 


2, MORE WEARABILITY 


Albion's Series 16 Casters are available in nine different 
high capacity or floor protective whee! types in diameters 
of 3%" to 8° with a capacity range of 140 to 900 Ibs. per 
wheel. Sound engineering, quality materials and crafts- 
manship plus Albion's many outstanding construction 
features are combined to afford a caster that will last and 
last and last 


3, Less cost 


Although built to Albion's exacting quality standards, 
the Series 16 cost you far less than most ordinary casters 
of the same size or capacity ratings. And they are 
available—all models—right row! 


RIGID CASTERS 


Remember . . . if you want longer, 
better service plus caster versa- 
tility at a savings you can count 
—be sure to get all the facts and 
figures from Albion. 

Write—wire or phone today for your 


copy of the new illustrated specifica- 
tion sheetson Albion Series 16 Casters 


ALBION 


R46—Manual of Reliability 

How to design for reliability, human fac 
statistical tools; the 
program, 32 pp 50¢ 


tors, implementing 


R41—Design by Digital Computers 
How to choose and operate desk-size prob 
lem solvers 50¢ 


R22—Engineering Organization 


Study of 50 companies shows changes in | 


large and small companies, 24 pp 


R21—Engineer’s Bookshelf 
Annotated bibliography of technical box aks 
for the design engineer, 5 


24 pp 


R74—Right-angle Gears 


Guide to 16 available types 


R73—Digital Readouts 
How they work; how to cho 


R72—Spring Tolerances 
When standard tolerances won't do 


R71—How to Design Nomographs 
Simple step-by-step guide 


R70—Gasket Materials 
Four-step selection procedure 


R68—Encapsulating Systems 
Comparison of basic systems 


R67—Heat Protectors for Motors 
Response and accuracy of all type 


R64—Bonded Solid Lubricants 
Data on new high heat types 


R62—High-speed Photography 
How it can solve design problem 


R61—Angular Errors in Gearing 
Equations predict seven effects 


R60—Journal Bearing Design 
New Equations and design charts 


R58—How to Avoid Hose Failure 


For metal hose; all known causes 


R56—Buckling of Coil Springs 
How to predict 


R54—Solid Aluminum Bearings 
Materials and design guide. 


R53—Significance of WK’ 
Selecting raotors for high inertia loads. 25¢ 


R51—Solder Fluxes 


Selection guide covering all types 25¢ | 


R49—Positive-displacement Pumps 
Graphical method and selection chart. 25¢ 


R47—Fastening Gears to Shafts 
Comparison table for 15 methods 


- | 
£>¢ | 


Example 





. of B&P capability 
to make lightweight 
metal assemblies for 
electronic equipment 


Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include... 

* cooler plates * radar reflectors 
* communication equipment covers 
* radar reflector bases * equip- 
ment housings * tripods * radar 
plotting equipment * shelters 
* transit cases * gun fire control 
housings and turrets 
When you need lightweight 
products or assemblies for elec- 
tronic equipment, take 
advantage of B & P’s ex- 
perience and capability. 


BROOKS & PERKINS, INC. 


1956 W. Fort St., Detroit 16, Mich. 
Offices in Washington and New York 


R38—Design of Circular-arc Cams 


INDUSTRIES, INC. 
Mathematics replaces graphics. 


Albion 








Michigan 25¢ 6.02 
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° 
VAR 


ASTRO MAG LONG 


PUSH TO SYNC 


& 
MAG VAR 


LONG 


PUSH TO SYNC 


* 
MAG VAR 


LONG 


astro 


. 


f 


PUSH TO SYNC 


PUSH TO SYWC 


the shape of things to come 


RADIUM 


MCU CLORM CULT SELECT 
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Index of 


PRODUCTS 
ADVERTISED 


In This Issue 


ifter reading the advertisements 
lassified below MORB Di 
TAILED INFORMATION abou 
these products can be obtained by 
yeing the READER SERVICII 
CARD 


a 


Adhesives ge - 22-23, 84 
Air Motors (see Motors, Air) 
Aluminum Coated Sheet & Strip (see 
Steel, Coated) 
Assemblies 
Structural 82, 103 


Bearing Materials 
Bearings 
Ball 4th Cover, 36 
Needle 36, 
Roller 4th Cover, 36, 
Blowers 
Brazing 
Alloys 


Cabinets 
Cams 
Carbide Alloys 
Carbon 
Casters 
Castings 
Chains 
Roller 
Clamps, Fixture 
Clips 
Clutches 
Mechanical 
Connectors 
Electrical 
Control Panels & Switchboards 
Controls 
Electrical 
Conveyor Belts 
Counters 
Couplers 
Couplings 
Mechanical 
Cylinders 
Pneumat 


Diaphragms 
Differentials 
Drafting 
Machines 
Supplies 
Drives 
Right-Angle 


Enclosures : ee 99 
Sagneerns Services (see also Pro- 
duction Services) : , 103 


Fabrics, Coated 
Fastening Methods 
Fibre 

Flexible Couplings 
Floats 

Fiux 

Forgings 

Friction Materials 


G 
Gaskets 
Gear Motors (see also Motor Reducers) 49 


Gears ; 84, 88, 105 
Graphite 18-19 


Hard Surfacing 
Heating Units 


insulation : . . 6 
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Index of 


PRODUCTS 
ADVERTISED 


In This Issue Now for the first time Perkins 
offers a complete line of stock 
spiral bevel gears with preci- 

Joints sion quality to help you get 
maximum savings in tooling 
expense and gear cost. When 

ome, ieoanenss you're planning for spiral bevel 
ee ee gears, design your requirements 
around this Perkins 


M 
Moldings C stock line . . . 
Plastics (see Plastic Parts) ay 
Powdered Metal (see Powdered + it can pay 


Metal Parts) ee 
Rubber (see Rubber Parts) : you well. 
Motor Reducers (see also > : 
Gear Motors 49 
Motors, A-C 
Fractional . 10, 46-47, 50, 91 
Integra! .. 46-47, 50, 91 
Motors, Air .. 101 
Motors, D-C 
Fractional! 10, 46-47, 50, 91 
integral . 46-47, 50, 91 
Sub-Fractional 98 


Nickel Alloys 
Nuts : 


Packings 22-23, 94, 
Pencils ... 
Piastic Parts ° 22- 
Plastics .... 35, 45, 
Plastics Laminated 
Powdered Meta! Parts 22. 
Power Packs 
Electrical & Electronic 
Production Services (see also Engi- 
neering Services) 
Pumps 
ee Perkins stock spiral bevel 
- gears have soft bores and may 
Relays be reworked to a maximum 


Reproduction Equipment 5, 13, 83 diameter. The gears are 
R t Ss Wl 5 . . 
Naga pain nce 54 matched in pairs and lapped 


Revolving Joints (see Joints, Swing & together after hardening for 
Rubber 
s This new line of stock gears 
Screws ... 
Solenoide . 1 tioned according to the REQUEST: 
Coated ; : : 37 
specifications of 
Timers . 
Tube Fabricating 
ee re KI N S 
Tungsten Carbide i < 


Swivel) ° 
Rings ... “ee 33 smooth running. In many 
Rubber Parts .. 22-23, 30, 107 cases these gears are available 
in left and right hand drives. 
Seals 2nd Cover, 22-23, 42, 94 138 includes the moet Co aly 
Sheaves .. ee used ratios and sizes propor- AVAILABLE ON 
Speed | ers & Reducers.......82, 88 - - 
es Gleason Spiral Bevel Gear A 
System. This new folder 
Switehes ais coonece - includes all standard 
Perkins complete 
Thermostats -. 98 line of stock spiral 
ound ee " ; bevel gears. Write 
Sade su a's ae 100 gears 
Feameapianhpns 88 for folder No. 12. 
Tubes. . 
Tubing | : 
86 
i648, 185 &/> MACHINE AND GEAR CO. 
/S WEST SPRINGFIELD, MASS., U.S.A. 


Washers ... abvec , 94 
Welding 
100 


Nuts . eeccceee oe 
Wire Cloth osnes oc. om 
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When it comes to floats... 


Z 
‘a 


Nicholson has everything you need 


High tensile strength floats spherical, elliptical, 
cylindrical . . . for buoyancy mediums, fluid chambers, 
pressure vessels . . . and for every mechanism or process 
requiring floats. Working pressures up to 2500 Ibs 
Float halves die-formed not spun, laminated or 
electro-deposited. Walls are thus uniformly thick 
Seams all butt-welded. 
Steel floats: chromium, cadmium or copper plated. 
with sandblast or pickled finish 
Stainless Steel and Monel floats: 
smooth, highly finished welds 


Also unplated, 


rough buffed, polished or with 
For more details, mail this coupon 





This Coupon Brings You Informative 
Bulletin On Floats 


Bulletin 753 contains facts on steel, stainless steel and mone! floats, 
information on float connections, tables showing weight, buoyancy and 
collapsing pressure for spherical floats for all gauges . also volume 
and buoyancy data. Fill in and mail this coupon for your copy. 


ee 
Title 

Company 

Street 


City ; : i Zone PEN 


W. H. NICHOLSON and COMPANY 
12 Oregon St., Wilkes-Barre, Pa. 


ICHOLSON 


of Wilkes-Barre 
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INDEX TO 
ADVERTISERS 


This index is published as a convenience to 
n aders. Beery care t¢ taken to make tt 
ecurcte but PRODUCT BNGINBEBRING 
seumes no responsibilities for errors oF 

omissions 


AMP, inc. .. 

Airborne Accessories Corp. 

Albion industries, Inc. .... 

AllenAir Corp. 

American Cast Iron Pipe Co. 

American Cyanamid Co., 
Plastics & Resins Div. . 

Auburn Mfg. Co. es 

Automatic Switch Co. 


Baldwin-Lima-Hamilton Corp., 
dard Stee! Works Div. 

Barber-Coiman Co. .. 

Brooks & Perkins, inc 

Bruning Co., Inc., Charies 


Cambridge Wire Cloth Co. 

Chain Beit Co. 

Chicago Rawhide Mfg. ‘Co 2nd Cover 

Continental-Diamond Fibre Co., Subs., 
Budd Co. 

Cutler-Hammer, inc. 


Denison Mfg. Co., R. B 
Detroit Coil Co. 
Dynamic Gear Co., Inc. 


Eastman Chemical Products, Inc 
Chemicals Div. 

Elastic Stop Nut Corp. of America 

Electrofiim, inc. 

Emcor Ingersoll Products Div., Borg 
Warner Corp. 

Eonic, Inc. 


Faber -Castell Pencil Co., Inc., A. W 
Fairfield Mfg. Co., Inc. 


Garlock, Inc. 

General Aniline & Film Corp., 
Div. . 

General Controls Co. 

General Electric Co., Miniature Lamp 
Dept ‘ 

Grace & Co., W. R., 
icals Div. . 

Greene, Tweed & Co 


Ozalid 


Polymer Chem 


Hamiiton Mfg. Co., Drafting Equip 
ment Div. , 83 
Handy & Harman : 34 
Hannifin Co., Div., Parker-Hannifin 
Corp ; 
Haves ‘Industries, Inc., Taunton Div 35 
International Nickel Co., Inc. 2 
Jarvis & Jarvis, tnc..... ‘ 86 
Kennametal, inc., Metalworking Div 32 


LaSalle Machine Tool, Inc. nee 

Linde Co., Div. of Union Carbide 
Corp 

Link- Beit Co. 

Lovejoy Flexible Coupling Co. 


McGill Mfg. Co., In 
M-D Blowers, Inc., 

Goss-Dexter, Inc. 
Mayline Co., Inc. .. 
Mead Specialties Co. 


‘Subs. of Miehle- 


National Tube “—°" 

Nicholson & Co., W 

Northern Ordnance, y eS Subs. of 
Northern Pump Co. 


. S. Steel Corp. 


OPW.-Jordan Co. , 
Ohio Nut & Bolt Co. .. 
Ohio Rubber Co. 


Painut Co., Div., United-Carr-Fas- 
tener Corp. : 

Parker-Hannifin Corp., 
Div. 

Perkins Machine & Gear Co. 

Piastic & Rubber Products Co. 

Precision Rubber Products Corp. 


‘Hannifin Co., ne 


Racine Hydraulics & Machinery, Inc.. 
Raybestos-Manhattan, Inc. 
Manhattan Rubber Div. 
Packing Div. 
Adhesives Div. .. 
Reuland Electric Co. 
Robbins & Myers, Inc. . ‘ 
Rockford Clutch Div., Warner Corp.. 
Regiwoes Sprinkler Div., Gamewell 
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Speed Selector, Inc. .. _ ~~ 8s 
Standard Stee! Works Div., Baldwin- 
Lima-Hamiiton Corp. .... ; 33 
Stocker & Yale, Inc. - 101 
Stratafio Products, inc. 102 


Tinian Raer seurng co. am ewe PARCOPROBLEM PROBERS 


Tinnerman Products, Inc. 
Torrington Co., Bearings Div. 38 


Unistrut Products Co., Rotocon Div... in 

United Electric Controls Co. 98 

U. S. Graphite Co., Div. of the Wickes eB Bann 
Corp. . ‘ 18- 

U. S. Radium Corp. 

U. S. Steel Corp., National Tube Div. 

Universal Electric Co. 


Viking Pump Co. ° 
Vulcan Rubber Products Div., Reeves 
Bros., Inc. 


Wagner Electric Corp. 

Waldron-Hartig Div., Midiand-Ross 
Corp. 

Watlow Electric Mfg. Co. 

Weckesser Co. 

Weirton Steel Co., Div., National Steel 
Corp. ' , 

Westinghouse Electric Co. 





LLOYD R. LAWRENCE advertising soles man- 
ager 

P. F. PRITCHARD manager, market develop- 
ment 

THOMAS R. COASH circulation 

RUSSELL T DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9... Ray K. Burnet, 1375 Peach 
tree St., N.E., Trinity 5-0523 

BOSTON '6 M. A. Williamson, Jr., 
McGrow-Hill Bldg., Copley Square, Congress 
2-1160 

CHICAGO 11 .. . Mid-Western Adv Sales 
Manager, A. E. Meanor; R. W. Bruley, L 
Anderson, 520 N Michigan Ave, Mohawk 
4-5800 

CLEVELAND 13 . A. F. Tischer, 1164 
IMuminating Bidg, 55 Public Sq, Superior 
1-7000 

DALLAS 1 . . . John Grant, 901 Vaughn Bidg, 
1712 Commerce St, Riverside 7-5117 

DENVER 2 . John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26. . . P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25 . . . Gene Holland, W-724 Pru 
dential Bldg, Jackson 6-1281 

LOS ANGELES 17 : . . Robert Obenour, 1125 
West 6th St, Huntley 2-5450 


NEW YORK 36... B. K. Adams, F. J. Mc 
Kinley, 500 Fifth Ave, Oxford 5-5959 If production of your product design requires thousands of highest 


PHILADELPHIA 3. . . John B. Lewis, H. M quality molded rubber parts every day, Parco’s Parco-Matic Process 
Nicholson, 6 Penn Center Plaza, Locust 


8-4330 Basa 


PITTSBURGH 22... C. F. Leveronl. 4 Gate nique for producing molde d rubber parts excells in maintaining 
way Center, Express 1-1314 constant high quality at the lowest possible cost O The Parco-Matic Process 
PORTLAND 4, ORE. . . . Scott Hubbard, 445 employs extremely accurate molds in which each unit is tree by an elec 


Pacific Bldg, Capital 3-5118 aeaaal Ape . . wele o [eo . ate . . 
ST LOUIS 8 . . . R. W. Bruley, 3615 Olive St tronically controlled curing cycle employing exactly duplicated time and tem 


Continental Bldg, Jefferson 5-4867 perature constants from batch to batch. Because of mold accuracy, the products 
SAN FRANCISCO 4. . . W. C. Woolston produced are essentially flashless and maintain consistent close tolerances. Th 
68 Post St, Douglas 2-4600. 


is the answer. Parco’s new, electronically controlled high-speed tech 


last part molded in a long production run is an exact duplicate of the first 


ond change ef olen ne Helaih and all parts in between when Parco-Matic is used There is no room for 
and change address ialiment, Manager, 
330 W 42nd Bt 


Sei ees error or variations with Parco-Matic. If you require large quantities of the 
’ ubscribers should notify iment a ° 
Manager’ promptly of any change of address includ. highest quality molded rubber parts combined with production economies, let 
aS ee el ens a PR | |p cies your guvllions sal val 3 

Gan, Ee Guns Gn eee ee. Parco-Matic solve your problem and reduce your costs 

im advance, please allow one month for re of 


te become are 
ay -- Ah yy ~ ™ and com = ave 
other engineered products. Pos and 
connection must be indicated on subscription . = Plastic and | Rubber Products Company 


OFFICERS OF THE PUBLICATIONS DIVISION: Nelson L. Send for —& 2100 Hyde Park Bivd. + Los Angeles 47, Calif 
Bond, President; Shelton Fisher, Wallace > ) , } 
. Cal Please send the Parco O-Ring Data Chart t 








your latest *% 
Parco Slide Rule he NAME 
oo 
Plastic and Rubber Products Company yen 
ay 2100 Hyde Park Boulevard 
Cc LAgetyIED ADVERTISING Los Angeles 47, California 


berle, Business Mgr 


EMPLOYMENT OPPORTUNITIES 
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AcE- 
: MACHINING TIME 


U ul 
ri rl 


ASSEMBLY OPERATIONS 


Now widely used where cup or \ 
packings were required, Palmetto | 
Rings are effecting important saving 
lesigners and builders of hydrau 
and pneumatic equipment. Their 
ym pactness, versatility, strength and 
lurability permits the use of simple 
yne-piece pistons eliminate 
glands, backing plates, and their ac 
essory fittings Savings in pace 
machining time, and assembly opera 


tions are obvious 


Palmetto U-Rings s« 
with extremely 
friction. There 
opportunity for Dind 
ing due to over con 
pression. Rugged, 1 
tangular design Pa 
metto U-Rings (greater 
height than cross-section widtl are 
more stable than square rings 
rolling or twisting in piston groove 


Palmetto fabric reinforced U-Ring 
e available for use where clear 
inces are larger, pressures are higher 
or greater strength is required 
hydraulic service Also availabl 
n homogenous rubber for use wher 
clearances are smaller and where 
pressures are below 500 psi, as in a 
service Both styles are designed t 
nap over a retaining lip and into tl 
packing groove of simple one pic 
pistons 
SEND FOR THIS HELPFUL MANUAL 
Just published 
useful literature 
tables specifications 
recommendations and 
other data of interest 
to design men. Ask 
for your copy of | 
UR-160. For any ey | 
assistance com- a 
pound recommendations, 


design help -contact us immediately 


GREENE, TWEED: 


NORTH WALES, PA 
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Frederick Krampf, 


‘noted child psychologist, 


enjoys reading 
in a ferris wheel. 


“TI like to surround a problem,” he says. You’ll be 
surprised how much faster your engineers and 
managers can solve their problems when you en- 
courage them to do more reading that suits their 
special needs. Remember, a good place to read is a 
good place to think .. . and if you pay engineers 
and managers to think, encourage them to do more 
reading. Like so many successful men who read 
their “most useful” McGraw-Hill publications, 
they’ll find the best place... home or plant, office 
or hamraock. But wherever they read, remember, 
you share in the rewards.* 


*Yes, when they read, you profit, too. 
Write on your business letterhead for a personal 
copy of booklet, “The McGraw-Hill Engineered 
Reading Program.” 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS - » « Data on Materials and Components 
FOR PERSONAL COPIES : : - Free Article Reprints 


- New Catalogs and Bulletins 


OF ADDITIONAL : : . Brochures on Advertised Products 


- Personal Suscriptions to 


PRODUCT DESIGN DATA PRODUCT ENGINEERING 





PRODUCT FIRST CLASS 


ENGINEERING 
PERMIT No. 64 


arc tag e 
Valuable new data on product NEW YORK, N. Y 
design engineering — readily 


available to you — FREE. 








BUSINESS REPLY MAIL | 


Just circle the numbers on the No Postage Stamp Necessary if Mailed in the United Stote 





request cards that are identical 
with the numbers printed under Postage Will Be Paid By Reader Service Department 
each Advertisement, New Product 


and Bulletin throughout this issue. PRODUCT ENGINEERING 
Reprint numbers are prefaced 330 WEST 42nd STREET 


with the letter “P”. One free 
reprint is available for each article NEW YORK 36, N. Y. 
offered. 





e of Novembe 


PRODUCT FIRST CLASS 
ENGINEERING PERMIT No. 64 


USE THIS CARD NEW YORK, N. Y 





> 


to be sure to get your personal 
BUSINESS REPLY MAIL 
subscription to PRODUCT ENGI- " 








© Postage Stomp Necessory if Mailed in the United Stotes 





NEERING sent each week to your 
. Postage Will Be Paid By Reader Service Department 


home or office. 


PRODUCT ENGINEERING 
330 WEST 42nd STREET 


Now only $3 per year (U.S.A.) 


NEW YORK 36, N. Y. 





ADD TO YOUR DESIGN REFERENCE FILE FROM 


EDITORIAL REPRINTS AVAILABLE 


—ELLIPTICAL GEARS 


P46— 


ANALOG 


WEAR OF ROLLING SURFACES 


TAKE ADVANTAGE OF NEW LOW PRICE! 


personal subscription to PR 


me 
year 

D gest 

1 


year 


NOW $3 


Payment enclosed 


Bill 


me 


INTEGRAL BALL BEARINGS 


You are then sure 
of your subscriptior 


ssue to read and rete 


TAPERED CANTILEVER BEAMS 
(Single reprints free, additional copies 6 for $1 
P51—PNEUMATICS SIMULATES 
ELECTRONICS 


STRONG ALUMINUM ALLOYS 


P52—SELECTING SOLENOIDS 
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ACCELEROMETER 


P54—EPICYCLIC GEAR SYSTEMS 


DIMENSIONAL STABILITY 


IN 
PRECISE PARTS 


FRICTION COEFFICIENTS 


QUICK-CONNECT COUPLINGS 
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HELICAL GEARS 
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NEW CATALOGS 
AND BULLETINS 
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* Canada 
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unique ASV current type relays operate 
without a coil on A-C or D-C 





Relay used to measure KVA 
in single phase 3 wire 
system by passing live line 
cables through the relay in 
opposite directions. Relay 
adjusted to pickup 

at 27.2 KVA and 

dropout at 20.5 KVA 
ASCO Catalog No. 15135A 


Two Pole Coil-less Relay 
with Counterbalance, 
showing how cable passes 
through Relay. ASCO 
Catalog No. 15130. 


Coil-less Relay designed for 
high frequency induction 
furnace application to 
10,000 cycles. ASCO 
Catalog No. 15144 





ASCO Current Type Relays are designed to function like 
current transformers. The load cable through the relay pro- 
vides the magnetic field for operation. The broad range of 
adjustments available in these relays, along with their versa- 
tility and power relay construction, has stimulated design 
engineers wherever current sensing relays are required. 


FEATURES 


* Ease of installation—cable passes through relay — does not have 
to terminate at relay * Pick up at relatively low currents assured 
by highly efficient magnetic circuit * Long life and low maintenance 
costs provided by Oilite bearings * Available for either A-C or 
D-C control * Pure silver contacts * May be mounted in any posi- 
tion without affecting relay operation when equipped with counter- 
balance * Load cable up to 7s" O.D. securely positioned by guide 
plate 


APPLICATIONS 


ASCO Coil-less Relays are used primarily for continuous 
welding operations. When so applied the load cable con- 
nected to the welding electrodes passes through the relay. 
Then as a function of the welding current the relay operates 
to control the motor feeding the material to be welded. 
These relays are also useful as instantaneous response over- 
current relays. For example, they have been used to sense 
overcurrent in both branches of a single phase, three wire 
system by passing both live line cables through the relay in 
opf Osite directions. In function this arrangement produces 
a KVA response relay. 





Coil-less Relays are only a part of the 
complete line of Relays offered 


ASCO. ASCO Catalog 57-S4 lists: 


@ MAGNETICALLY HELD RELAYS 


AC or DC 
Normally Closed 


Normally Open 


. Double Throw 


@ SPECIALIZED RELAYS, INCLUDING: 


Reverse Current 

Time Delay 

Close Differential 

. Brake Winding Time Delay 


. Electronic 


@ MAGNETICALLY HELD RELAYS 
AC or DC. 


All pole combinations Modified Arrangements 


ASCO Valves 


54G HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 


TRANSFER SWITCHES +» SOLENOID VALVES « € 


2ULE 


Automatic Switch Co, 


AUTOMATIC LECTROMAGNETIC CONTROL 
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LeBLOND lathe obtains super spindle-runout of 
bearings 


less than .000025” with Timken’ “00” 














Dual-Drive 
lathe to a special new high for a customer, LeBlond had 


lo raise the already great precision of its 15 


to meet this requirement: spherocity of the part to be 
turned—a beryllium gyro float assembly—had to be con- 
centric with its two major axes within .0005” total indi- 
cated runout. Diameter of the sphere: 1.8750 

To assure this, LeBlond engineers specified Timken 
super-precision “00” tapered roller bearings held to 
.000025 


the normal runout tolerance for these bearings. Timken 


assembled runout for the spindle—one-third 


id 


ZA tm. 
Deemer tit VAR ALLA 





YOUR BEARING PROBLEMS can often be solved on-the-spot by our graduate engineer 
salesmen. Working with you at the design stage, they can help you select the 
Timken bearing to meet your special needs, save you time and money. 


CIRCLE 203 ON READER SERVICE CARD 


bearings were also used on the intermediate, back and 
feed shafts of the drive. The assembled spindle runout 
(total indicator reading) was actually less than .000025 

Producing super-precision bearings like this is typical 
of Timken Company service. The kind of service that 
developed Timken “00” bearings to meet industry's needs 
for ever-greater precision. It’s another example of the 
Timken Company's leadership in tapered roller bearing 
design and manufacture. 
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The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: 
“TIMROSCO””’ Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Remov- 
able Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ont. 








